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TO THE KING. 



That which I do here most humbly present to 
your sacretl Majesty, is the best part of my medi- 
tations upon the iiaturul cnuscs of events, both of 
such as are commonly known, and of such as have 
been of late artificially exhibited by the curious. 

They are ranged under seven heads. 1 . Problems 
of gravity. 2. Problems of tides. 3. Problems of 
ira. 4. Problems of heat. 5. Problems of 
hard and soft. 6. Problems of wind and weather. 
7. Problems of motion perpendicular and oblique, 
&c. To which ! have added two propositions of 
Geometry : one is, the duplication of the cube, 
hitherto sought in vain ; the other, a detection of 
the al)surd use of arithmetic, as it is now applied 
to geometry. 

The doctrine of natural causes hath not infal- 
lible and evident principles. For there is no effect 
which the power of God cannot produce by many 
several ways. 

But seeing all effects are produced by motion, 
he that supposing some one or more motions, can 
derive from them the necessity of that effect whose 

n 2 
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cause is required, has doue all tliat is to be ex- 
pected from natural reason. And though he prove 
not that the thing was thus produced, yet he 
proves that thus it may he produced when the ma- 
terials and the power of moving are in our hands : 
which is as useful as if the causes themselves 
were known. Aud notwithstanding the absence of 
rigorous demonstration, this contemplation of na- 
ture (if not rendered obscure by empty terms) is 
the most noble employment of the mind that can, 
be, to such as arc at leisure from their necessary 
business. 

Tliis that I have done I know is an unworthy 
present to be offered to a king : though considered, 
as God considers offerings, together with the mind 
and fortune of the offerer, I hope will not be to 
your Majesty unacceptable. 

But that which I chiefly consider in it is, that my 
writing should be tried by your Majesty's excellent 
reason, untainted with the language that has been 
invented or made use of by men when they were 
puzzled ; and who is acquainted with all the ex- 
periments of the time ; and whose approljation, if I 
have the good fortune to obtain it, will protect my 
reasoning from the contempt of my adversaries. 

I will not break the custom of joining to my 
offering a prayer ; and it is, that your Majesty will 
be i>leased to pardon this following short apology 
for my Leviathan. N'ot that I rely upon apolo^ 
gies, but upon your Majesty's most gracious gene- 
ral pardon. 
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That which is in it of theology, contrary to the 
general current of divines, is not put there as my 
opinion, hut propounded with submission to those 
that have ihv. power ecclesiastical. 

I did never af^ur, either in writing or disconrscj 
maintain it. 

There is nothing in it against episcopacy ; 1 
cannot therefore imagine what reason any episco- 
pal man con have to sfwak of me, ns I hear some 
of them do, as of au atheist, or man of no religion, 
unless it be for making the autJiority of the Church 
wholly upon the regal power ; which I hope your 
Majesty will think is neither atheism nor heresy. 

But what had 1 to do to meddle with matters of 
that nature, seeing religion is not philosophy, but 
law "r 

It was written in a time when the pretence of 
Christ's kingdom was made use of for the most 
horrid actions that can be imagined ; and it was 
in just indignation of that, that I desired to see 
the bottom of that doctrine of the kingdom of 
Christ, which divers ministers then preached for a 
pretence to their rebellion : which may reasonably 
extenuate^ though not excuse the w ritlng of it. 

There is therefore no ground for so great a 
calumny in my writing. There is no sign of it 
in my life; and for my religion, when I was at 
the point of death at St. Germain's, the Bishop of 
Durham can bear witness of it, if he be asked. 
Therefore I most humbly beseech your sacred Ma- 
jesty not to believe so ill of me upon reports, that 
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proceed often, and may do so now, from the dis- 
pleasure which commonly ariseth from difference in 
opinion ; nor to think the worse of me, if snatch- 
ing up all the weapons to fight against your ene- 
mies, I lighted upon one that had a double edge. 

Your Majesty's poor and 
most loyal subject, 

Thomas Hobbes. 




I'nilitiiu* 



A. What may be the cause, think you, that stones chap, i 
and other bodies thrown upward, or carried up 
and left tt> their liberty, fall down again, for aught 
a man can sec, of their own accord ? I do not 
thmk with the old philosophers, that they have 
any love to the earth ; or are sullen, that they will 
neither go nor stay. And yet I cannot imagine, 
what body there is above that should drive them 
back. 

B. For my part, I believe the cause of their 
descending is not in any natural appetite of the 
bodies that descend ; but rather that the globe of 
tlie earth hath some special motion, by which it 
more e^ily casteth off the au* than it doth other 
bodies. And then this descent of those we call 
heavy bodies must of necessity follow, unless there 
bo some empty spaces in the w orld to receive them. 
For when the air is thrown off from the earth, 
somewhat must come into the place of it, in case 
the world be full : and it must be those things 
vrhich are hardliest cost off. that is, those things 
which we say are heavy, 

/I. But suppose there be no place empty, (for 
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CHAi*. I. I will defer the question till anon), how can the 
earth cast off either the air or anything else ? 

B. I shall show you how, and that by a familiar 
example. If you lay both your hands upon a basin 
with water in it, how little soever, and move it 
circularly, and continue that motion for a while ; 
and you shall see the water rise upon the sides, 
and fly over. By which you may be assured that 
there is a kind of circulating motion, wluuh would 
cast off such bodies as are contiguous to tlie body 
so moved. 

A. I know very well there is ; and it is the same 
motion which country people use to purge their 
corn ; for the chaff and straws, by casting the 
grain to the sides of the sieve, will come towards 
the middle. But 1 would see the figure. 

B. Here it is. There is a circle pricked out, 
whose centre is A, and three less circles, whose 
centres are B, C, D. Let every one of them repre- 
sent the earth, as it goeth from B to C, and from 
C to D, always touching the uttermost circle and 
throwing off the air, as is marked at E and F. 
And if the w orld were not full, there would follow- 
by this scattering of the air, a great deal of space 
left empty. But supposing the world full, there 
must be a perpetual shifthtg of the air, one part 
into the place of another. 

A. But what makes a stone come down, sup- 
pose from G f 

B. If the air be thrown up beyond G, it will 
follow that at the last, if the motion be continued, 
all the air will be above G, that is, above the stone ; 
which cannot be, till the stone be at the earth. 

A. But why comes it down still with increasing 
wiftness r 
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B. Because as it (les<;en(1s and i.s already in mo- 
tion, it reccivcth a new impression from the game 
cause, wliich is the air, whereof as part mouutcth, 
{lart also must descend, supposing as we have done 
the picntitude of the world. For, as you may ob- 
serve by the figure, the motion of the earth, ac- 
cording to the diameter of the uttermost circle, 
is progressive ; and so the whole motion is com- 
pounded of two motiou», one i^ircular and the 
other progressive ; and consequently the air as- 
cends and circulates at once. And because the 
stone de8<^ending receiveth a new pressure in every 
point of its way, the motion thereof must needs be 
accelerated. 

A. It is true ; for it will be accelerated equally 
in equal times; and the way it makes will increase 
in a double proportion to the times, as hath here- 
tofore been demonstrated by Galileo. I see the 
solution now of an experiment, which before did 
not a little puzzle me. You know that if two 
plummets hang by two strings of equal length, and 
you remove them from the perpendicular equally, 
I mean in equal angles, and then let them go, they 
will make their turns and returns together and in 
equal times ; and though the arches they describe 

row continually less and less, yet the times they 
spend in the greater arches will still be equal to 
the time they spend in the lesser. 

B, It is true. Do you find any experiment to 
the contrary t 

A. Yea ; for if you remove one of the plummets 
from the perpendicular, so as, for example, to make 
an angle with the perpendicular of eighty degrees, 
and the other so as to make an angle of sixty 
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AP. I. degrees; they will not make their turns and re- 
turns in equ.il times. 
B. And what say you is the cause of this r 

A. BecauHe the arches are the spaces which these 
two motions describe, they must be in double pro- 
portion to their own times : wliirh cannot be, un- 
less they be let go from ec|ual altitudes, that is, 
from equal angles. 

B. It is right; and the experiment does not 
cross, but confirm the equality of the times in all 
the arches they describe, even from ninety degrees 
to the least part of one d^ree. 

A. But is it not too bold, if not extravagant on 
nssertiou, to say the earth is moved as a man 
shakes a bashi or a sieve i Does not tlie earth 
move from west to east every day once, upon its 
own centre ; and in the ecliptic circle oncea-year? 
And now you give it another odd motion. How 
can alt these consist in one and the same body : 

B. Well enough. If you be a shipbuard under 
sail, do not you go with the ship ? Caunot you 
also walk upon the deck r Cannot every drop of 
blood move at tbe same time in your veins ? How 
many motions now do you assign to one and the 
same drop of blood ? Nor is it so extravagant a 
thing to attribute to the earth this kind of motion ; 
but that I believe, if we certainly knew what mo- 
lion it is that causetb the descent of bodies, we 
should find it either the same, or more extrava- 
gant. But seeing it can be nothing above that 
worketh this effect, it must be the earth itself that 
docs it ; and if the earth, then you can imagine 
no other motion to do it withal but this. And you 
will wonder more, wheu by the same motion I 



lall g^ve you a probable account of the causes of ch.U'. i, 
very many other works of nature. rZ^^ZT 

A. But what part of tlie heaven do you suppose orfnriv. 
the poles of your pricked circle point to ? 

B. 1 suppose them to be the same with the poles 
of the ecliptic. For, seeing the ads of the earth 
in this motion and iu the auuual motion, keeps 
parallel to itself, the axis must in both motions be 
parallel as to sense. For the circle which the 
earth describes, is not of visible magtiitade at the 
distance it is from the sun. 

A. Though I understand well enough how the 
earth may make a stone descend very swiftly un- 
der the ecliptic, or not far from it, where it throws 
off the air perpendicularly; yet about the poles of 
the circle methinks, it should cast off the air very 
weakly. I hope you will not say, that bodies de- 
Kcend faster in places remote from the poles, than 
nearer to them. 

B. No ; but I ascribe it to the like motion in 
the sun and moon. For such motions meeting, 
must needs cast the stream of the air towards the 
poles; and then there will be the same necessity 
for the descent there, that there is in other places, 
though perhaps a little more slowly. For you may 
have observed, that when it snows in the south 
parts, the flakes of snow are not so great as iu the 
north : which is a probable sign they fall in the 
south from a greater height, and consequently dis- 
perse themselves more, as water does that falls 
down from a high and steep rock. 

^^ A. It is not improbable. 

^H J9. In natural causes all you are to expect, is 
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ilAP. 1. gravity the cause, when the cause of g^vity is 
that which you dmre to know ; and butter than 
saying the earth draws it, wheu the questloQ is, 
how it draws. 

A. Why does the earth cast off air more easily 
than it does water, or any other heavy bodies ? 

B. It is indeed the earth that castcth oiF that 
air which is next unto it ; but it is that air which 
casteth off the next air ; and so continually, air 
moveth air; which it can more easily do than any 
other thing, because like bodies arc more suscepti- 
ble of one another's motions : as you may see in 
two lute-strings equally strained, what motion one 
string- beinj? stricken communicates to tJic air, the 
same will the other receive from the air ; but 
strained to a differing note, will be less or not at 
all moved. For there is no body but air, that hath 
not some internal, though invisible, motion of its 
parts : and it is that internal motion which distin- 
guisheth all natural bodies one from another. 

A. What is the cause why certain squibs, though 
their substance be either wood or other heavy mat- 
ter, made hollow anil filled with gunpowder, which 
is also heavy; do nevertheless, when the gunpow- 
der is kindled, fly upwards ? 

B. The same that keeps a man that swims from 
sinking, though he be heavier than so much water. 
He keeps himself up, and goes forward, by beating 
back the water with his feet ; and so does a squib, 
by beating down the air witli the stifam of fired 
gunpowder, that proceeding from its tail makes it 
recoil. 

A. Why does any brass or iron vessel, if it be 
hollow, float upon the water, being so very heavy • 
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Because the vessel ami the nir in il, taken chai*. l 
as one bmly, is more easily cost off thnn n body of 
water equal to it. 

A. How comes it to pass, that a fish, (especially 
such a broad fish as a tnrbot or a plaice, which are 
broad and thin), in the bottom of the sea, i>erhaps 
a mile deep, is not pressed to death with the 
weight of water that lies upon the back of it ? 

B. Because all heavy bodies descend towards 
one point, which is the centre of the earth : and con- 
sequently the whole sea, descending at once, does 
arch itself so, as that the upper parts cannot press 
the parts next below them, 

A. It i;? evident ; nor can there possibly be any 
weight, as some suppose there is, of a cylinder of 
air or water or any other liquid thing, while it 
rcmaios in its own element, or is sustained and in- 
closed in a vessel by which one part cannot press 
the other. 
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A. What makes the flux and reflux of the sea, 
twice in a natural day ? 

B. Wc must come again to our basin of water ; 
wherein you have seeu, whilst it was moved, how 
the water mouuteth up by the sides, and withal 
goes circling round about. Now if you should 
fasten to the inside of the basin some bar from the 
bottom to the top, you would sec the water, in- 
stead of going on, go back again from that bar 
ebbing, and the water on the other side of the bar 



to do the same, but in counter-time ; and conse- 

I' quently to be highest where the contrary streams 
meet together ; and then return again, marking out 
four quarters of the vessel ; two by their meeting, 
which are the high waters ; and two by their re- 

» tiring, wliich are the low waters. 
A. Wliat bar is that you fiud iu the ocean tliat 
KtopR the current of the water, like that you make 
in the basin r 

B. You know that the main ocean lies cast and 
west, between India and the coast of America ; 
■ and again ou the other side, between America 
and India. If therefore the earth have such a 
motion as I have supposed, it must needs carry 
Uie current of the sea ea-st and west : in which 
course, tiie bar that stoppeth it, is the south part 
of America, which leaves no passage for the water 
but the narrow strait of Magellan. The tide rises 
therefore upon the coast of America; and the rising 
of the same iu this part of the world, proceedeth 
from the swelling chiefly of the water there, and 
partly also from the North Sea ; which lieth also 
east and west, and has a passage out of the South 
Sea by the strait of Anian, between America and 
Asia. 

A. Does not the Mediterranean Sea lie also east 
and west ? Why are there not the Uke tides there ? 

B^ So there are, proportionable to their lengths 
and quantity of water. 

A. At Genoa, at Ancona, there are none at all, 
or not sensible. 

B. At Venice there are, and in the bottom of 
the straits, and a current all along both the Me- 

^'''^Tranean Sea and the Gulf of Venice : and it is 
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the current that makes the tides insensible at the chap. ii. 
sides; but the check makes them visible at the 
bottom. 

A. How comes it about that the moon hath 
such a stroke in the business, as so sensibly to in- 
crease the titles at full and change ? 

B. The motion I h.ive hitherto supposed but iu 
the earth, I suppose also in the moon, and in all 
those great bodies that bung in the air constantly, 
I mean the stars, both fixed and errant. And for 
the sun and moon, I suppose the poles of their 
motion to be the poles of the cquinoxial. Which 
supposed, it will follow (Intcause the sun, the earth, 
and the moon, at every full and change are almost 
in one straight line) that this motion of the earth 
will then be made swifter than in the quarters. For 
this motion of the sun and moon being commu- 
nicated to the earth, that hath already the like 
motion, maketh the same greater ; and much 
greater when they are all three in one straight 
line, which is only at the full and change, whose 
tides are therefore called spring tides. 

A. But what then is the enuse that the spring 
tides themselves are twice a-year, namely, when 
the sun is in the equinoxial, greater than at any 
other times r 

B. At other times of the year, the earth being 
out of the equinoxial, the motion thereof, by which 
the tides are made, will he less augmented, by 
so much as a motitm in the obliquity of twenty- 
three degrees, or thereabout, which is the distance 
between the equinoxial and ecliptic circles, is 
weaker tliau the motion which is without obliqtiity. 

A. All this is reasonable enough, if it l>e pos- 
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riTAp. II. «ble that such motions as you suppose in these 
bodies, be really there. But that is a thing 1 have 
some reason to doubt of. For the throwinp- off of 
air, consequent to these motions, is the cause, you 
say, tliat other things come to the earth ; and 
therefore the like motions in the sun and moon 
and stars, casting off the air, should also cause all 
other things to come to everyone of them. From 
whence it will follow, that the sun, moon, and 
earth, and all other bodies hu^ air, should pre- 
sently come together into one heap. 

B. That does not follow. For if two bodies cast 
off the air, the motion of that air will Ije repressed 
both wavs, and diverted into a course towards the 
poles on both sides; and then tlie two bodies can- 
not possibly come together. 

A. It is true. And besides, this driving of the 
air on both sides, north and south, makes the like 
motion of air tliere also. And this may answer 
the question, how a stone could fall to the earth 
under the poles of the ecliptic, by the only casting 
off of air • 

B. It follows from hence, that there is a certain 
and determinate distance of one of these bodies, 
tlic stars, from another, without any very sen^- 
ble variation. 

A. All this is probable enough, if it be true that 

there is no vacuum, no place empty in all the 

world. And supposing this motion o{ the sun and 

mnon to be in the plain of the equinoxial, metbinks 

:hat this should be the cause of the diurnal motion 

' the earth ; and because this motion of the earth 

you say, in the plain of the equinoxial, the 

ae should cause also a motion iu the moon on 
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ipr own pcntre, answcmble to the diurnal motion chap. ii. 
of the ettrth. 
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B. Why not ? What else can you thiuk make? >•* •■"'» 
the diurnal motion uf the earth but the sun ? And 
for the moon, if it did not turn upon its own ccntn*, 
we should see sometimes one, sometimes another 
face of the moon, which we do not. 




CHAPTER III. 



PROIU.F.MS OF VACUUM. 



^. What convincing argnmcnt is there to prove. 
that ill all the world there is uo empty place ? 

Ii. ^lany ; but I will name but one ; and that 
is, the difficulty of separating two bodies bard and 
flat laid one ui>oii another. I say the dlffitrulty, 
not the impossibility. It is possible, without iu- 
troducing vacuum, to pull asunder any two bodies, 
how hard and flat soever they be, if the force used 
be greater thau the resistance of the hardness. 
And in case there be any greater difficulty to part 
them, besides what proceeds from their hardness, 
tliau there is to pull them further asunder when 
they are parted, that difficulty is argument enough 
to prove there is uo A'^acoum. 

A. These assertions need demonstration. And 
first, how does the difficulty of separation argue 
the plenitude of all the rest of the world r 

B. If two flat polished marbles lie one upon 
another, you see they are hardly separated in all 
points at one and the same instant ; and yet 
the weight of either of them is enough to make 
them slide off one from the other. Is not the 

VOL. VU. C 



18 



PHILOSOPHICAL PROBLEMS. 



uT vncui:ni. 



CHAP. irr. cause of this, that the air succeeds the marble that 
so slides, and fills up the place it leaves ? 

A* Yes, certainly. What then ? 

B. But when you pull the whole superficies 
asunder, not without f3;reat difficulty, what is the 
cause of that difficulty i 

A. I think, as most men do, that the air caimot 
fill up the space between in an instant ; for the 
parting is in an instant. 

Ji. Suppose there be vacuum in that air into 
which the marble yon pull off is to succeed, shall 
there be no vacuum in the air that was round 
about the ti^'o marbles when they touched ? Why 
cannot that vacuum come into the place between ? 
Air cannot succeed in an instant, because a body, 
and consequently cannot be moved through the 
least space in an instant. But emptiness is not a 
body, nor is moved, but is made by the act itself 
of separation. There is therefore, if you admit 
vacuum, no necessity at all for the air to fill the 
space left in au instant. And therefore, with what 
ease the marble coming ofi" prcssetU out the va- 
cuum of the air behind it, with the same ease will 
the marbles be pulled asunder. Seeing then, if 
there were vacuuto, there would be no difficulty 
of separation, it follows, because there is difficulty 
of separation, that there is no vacuum. 

A. Well, now, supposing the world full, how 
vt' it piK-ible to pull those marbles 
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-^oft wax ; do not you think 
''! ' other half as close as 
; Yet you can pull tliem 
■mi as you pull, tlie waic 
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grows continually more and more Hlender; there chap, rir 
being a perjwtual parting or disccssion of the out- 
ermost part of the wax one from another, which the 
air presently tills ; and so there is a continual less- 
ening of the wax, till it be no bigger than a hair, 
and at last separation. If you can do the same to 
a pillar of marble, till the outside ^ve way, the 
effect will be the same, but much quicker, after it 
once begins to break in the suj>crficics ; because 
the force that can master the first resistance of 
the hardness, will quickly dispatch the rest. 

A. It seems so by the brittleness of some hard 
bodies. But I shall afterward put some questions 
to you, touchiucf the nature of hardness. But now 
to return to our subject. VVhat reason can you 
render (without supposing vacuum) of the effects 
produced in the engine they use atGresham college? 

B. That engine produceth the same effects that 
a strong wind would produce in a narrow room. 

A. How comes the wind in r You know the 
engine is a hollow round pipe of brass, into which 
is thnist a cylinder of wood covered with leather, 

^ and fitted to the cylinder so exactly as no air can 
>068ibly pass between the leather and the brass < 

B, I know it ; and that they may thrust it up, 
there is a hole left iu the cylinder to let the nir out 
before it, which they can stop when they please. 
There 'n also in the bottom of tlie cylinder a pas- 
sage into a hollow globe of glass, which passage 
they can also open and shut at pleo-sure. And at 
tlie top of that globe there is a wide mouth to put 
in what they please to try conclusions on, and that 
also to be o])eued and shut as shall be needful. It 
is of the nature of a pop-gun which children use, 
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rnftp. 111. but great, costly, and more ingenious. They tbrust 
forward and pull back the wooden cylinder (be- 
cause it requires much strength) with an iron 
screw. What is there in all this to prove the pos- 
sibility of vacuum. 

A. When this wooden cylinder covered with 
leather, fit and close, is thrust liome to the bottom, 
and the holes in the hollow cylinder of brass close 
stopped, how can it be drawn back, luf with the 
screw they draw it, but that the space it leaves 
must needs be empty : for it is impossible that 
any air can pass into the place to fill it ? 

B. Truly I think it close enough to keep out 
straw and feathers, but not to keep out air, nor yet 
matter. For suppose they were not so exactly close 
but that there were round about a difference for a 
small hair to lie between ; then will the pulling 
back of the cylinder of wood force so much air in, 
as in retiriug it forces back, and that without any 
sensible difficulty. And the air will so much more 
swiftly enter as the passage is left more narrow. 
Or if they touch, and the contact be in some 
points and not in all. the air will enter as before, in 
case the force be augmented accordingly. Lastly, 
though they touch exactly, if either the leather 
yield, or the brass, which it may do, to the force of 
a strong screw, the air will again enter. Do you 
think it possible to make two superficies so ex- 
quisitely touch in all points as you suppose, or 
leather so hard as not to yield to the force of a 
screw? Tlie body of leather will give passage 
both to air and water, as you will confess when 
you ride in rainy and windy weather. You may 
therefore be assured that in drawing out their 
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wooden leather cylinder, they force in as much air ctiap. in 
a-s will till the place it leaves, and that with as 
much sniftu(;ss as is autiwerable to the strength 
that drives it in. The effect therefore of their 
jiuinpuig is nothing else but a vehement wind, a 
very vehement wind, coming in on all sides of the 
cylinder at once into the hollow of the brass pipe, 
and into the hollow of the glass globe joined to it. 

A. I see the reason already of one of their won- 
ders, which is, that the cylinder they pump with, 
if it be left to itself, after it is pulled back, will 
swiftly go up agiiiu. You will say the air comes 
out again with the same violence by reflection, and 
1 believe it. 

a. This is argument enough that the place was 
not empty. For what can fet(;h or drive up the 
snckcr, as they call it, if the place within were 
empty ? For that there is any weight in the air to 
do it, I have already demonstrated to be impossible. 
Besides, you know, when they have sucked out, as 
they think, all the air from the glass globe, they 
can nevertheless both see through it what is done, 
and hear a sound from ^vithin when there is any 
made ; which, if there were no other, but there 
are many other, is argument enough that the place 
is still full of air. 

A. What say you to the swelling of a bladder 
even to bursting, if it be a little blown when it is 
put into the receiver, for so they call the globe of 
glass ? 

B. The streams of air that from every side meet- 
ing together, and turning in an infinite number of 
small points, do pierce the bladder in innumerable 
places with great violeucc at once, like so many 
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invisible small wimbles, especially if the bladder 
be a little blown before it be put in, that it may 
make a little resistance. And when the air has 
once pierced it, it is easy to conceive, that it must 
afterward by the same violent motion be extended 
till it break. If before it break you let in fresh 
air upon it, the violence of the motion will thereby 
be tempered, and the bladder be less extended ; 
for that also they have observed. Can you imagine 
how a bladder should be extended and broken by 
being too full of emptiness r 

A, How come living creatures to be killed in 
this receiver, in so little a time as three or four 
minutes of au hour ? 

li. If they suck into their lun^s so violent a 
wind thus made, you must needs think it will pre- 
sently stop the passage of their blood ; and that is 
death ; thoui^h they may recover if taken nut bo- 
fore they be too cold. And so likewise will it put 
out fire ; but the coals t^iken out whilst they are 
hot will revive again. It is an ordinary thing in 
many coal-pits, whereof I have seen the experi- 
ence, that a wind proceeding from the sides of the 
pit every way, will extinguish any fire let down 
into it, and kill the workmen, unless they be 
quickly taken out. 

A. If you put a vessel of water into the receiver, 
and then suck out the air, the water will boil; 
what say you to that ? 

li. It is like enough it will dance in so great a 
bustling of the air ; but I never heard it would be 
hot. Nor can 1 imagine how vacuum shoidd make 
anything dance. I hope you are by this time satis- 
fied, that no experiment made with the engine at 
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Gresham College, is sofficient to prove that there chap. iir. 
is, or thnt there mav he vanuum. !r7? 

j-1. The world you know is finile, an<) conse- •rtw 
qiieutljr, all that infinite space without it is empty. 
Why may not some of that vacuum be brought in, 
and min,s;led with the air here ? 

Ji. I know nothing iu matters without the 
world. 

A, What say you to TorrieelHo's experiment in 
quink-silver, which is tliis : there is a basin at A 
filled with quicksilver, suppose to B, and C D a 
hollow glass pipe filled witli the same, wbiirh if you 
stop with your finger at B, and so set it upright, 
and then if you take away your finger, the quick- 
silver will fall from C downwards but not to the 
bottom, for it will stop by the way, suppose at D. 
Is it uot therefore necessary that that space be- 
tween C and D be left empty t Or will you say 
the quicksilver does uot exactly touch llui sides of 
the glass pipe t 

B. I will say neither. If a man thrust down 
into a vessel of quicksilver a blown bladder, will 
not that bladder come up to the top ? 

A. Yes, certainly, or a bladder of iron, or any- 
thing else but gold. 

B. You see then that air can pierce quicksilver. 

A. Yes, with so much force as the weight of 
quicksilver comes to. 

B. When the quicksilver is fallen to D, there is 
80 much the more in the basin, and that takes 
np the place which so much air took up before. 
Whither can this air go if all the world without 
that glass pipe B C were full ? There must needs 
be the same or as much air come into that space. 
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THAV. 111. which o!ily is empty, between C and D : by what 
force r By the weight of the quicksilver betweeu 
D and B. WTiich quicksilver weisteth now up- 
ward, or else it could never have rjiised that part 
higher, which was at first in the basin. So you 
sec the weight of quicksilver can press the air 
through quicksilver up into the pipe, till it come 
to an equality of force as in D, where the weight 
of the quicksilver is equal to the force which is 
required in tur to go through it. 

A. If a man suck a phial that has nothing in it 
but air, and presently dip the mouth of it into 
water, the water will ascend into the phial. Is 
not that an argument that part of the air liad been 
sucked out, and part of-tlie room within the phial 
left empty ? 

B. No. If there were empty space in the world, 
why should not there be also some empty space in 
the jfhiul before it was sucked? And then why 
does not the water rise to fill that ? When a man 
sucks the phial he draws nothing out, neither iuto 
his belly, nor into his lungs, nor iuto his mouth ; 
only he sets the air within the glass into n circular 
motion, giving it at once on endeavour to go forth 
by the sucking, and an endeavour to go bock by 
not receiving it into his mouth; and so with a 
great deal of labour glues his lips to the neck of 
the phial. Then taking it off, and dipping the 
neck of tlie phial into the water before the circu- 
lation censes, the air, with the endeavour it hath 
now gotten, pierces the water and goes out: and 
so much air as goes out, so much matter comes 
up into the room of it. 
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CHAPTER IV, 



PROBLEMS OP HBAT AND tICUT. 

/t. What is the cause of heat? cuai'. iv. 

Ji. How kuovr you, that auy thing is hot but .~^^^ 
yourself f iMt ud v^ 

A. Because T perceive by sense it heats me. 

H. It is no good argumcut, the ihiug heats mc j 
therefore it is hot. Rut what alterutiou do you 
hud in your body at any tiuie by being hot ? 

A, I find my skiu more extended iu summer 
than in niutcr; and am sometimes fainter aud 
weaker then ordinary, as if my spirits were ex- 
haled ; aud I sweat. 

B. Then that is it you would know the cause 
of. 1 have told you before that by the motion I 
suppose both iu the sun, and iu the earth, the air 
is dissipated, aud cousequently that there would 
be an infinite number of small empty places, but 
that the world being full, there comes from the 
next parts other air into the spaces they would 

leUe make empty. When therefore this motion of 
the sun is exercised upon the superficies of the 

, earth, if there do not come out of the earth itself 
le corporal substance to supply that tearing of 
the air, we must return again to the admission of 
vacuum. If there do, then you see how by this 
motion fluid bodies are made to exhale out of the 
earth. The like happens to a msui's body or hand, 
which when he perceives, he says he is hot. And 
90 of the earth when it Bendeth forth water and 
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r. earth together lu plants, we say it does it by heat 
from the sun. 

A. It is very probable, and no less probable, 
that the same actiou of the sun is that which from 
the sea and moist places of the earth, but especially 
from the sen, feteheth «p the water into the clouds. 
But there be many ways of heating besides the 
action of the sun or of fire. Two pieces of wood 
will take fire if in turning they be pressed toe:ether. 

Ti. Here npain you have a manifest laceration 
of the air by the reciprocal and contrary motions 
of the two pieces of wood, which necessarily 
causeth a coming forth of whatsoever is aereal or 
fluid within them, and (the motion pursued) a dis- 
sipation also of the other more solid parts into 
ashes. 

A. How comes it to pass that a man is warmed 
even to sweating, almost with every extraordinary 
labour of his body? 

J5. It is easy to understand, how by that labour 
all that is liquid in bis body is tossed up and down, 
and thereby part of it also cast forth. 

A. There be some things that make a man hot 
without sweat or other evaporation, as caustics, 
nettles, and other things. 

/?. No doubt. Hut they touch the part they so 
heat, and cannot work that effect nt any dLstance. 

A. How docs heat cause light, and that partially, 
in some bodies more, in some less, though tlie heat 
be equal t 

B. Heat does not cause light nt all. But in 
mmty bodies, the same cause, that is to say, the 
same motion, causeth both together; so that they 
are not to one another as cause and effect, bat are 
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concomitnut effects sometimes of one and the chap, it 
same mot inn. 

A. How? 

B. You know the rubbing or hard pressing of 
the eye, or a stroke upon it, makes an appariciou 
of light without and before it, which way soever 
yon look. This can proceed from nothing else 
hut from the restitiitiou of the organ pressed or 
stricken, unto its former ordinary situation of 
parts. Does not the sxni by liis thrnstinc; back 
the air upon your eyes press them ? Or do not 
those bodies whereon the sun shines, thongh by 
reflection, do the same, though not so strongly? 
And do not the organs of sight, the eye, the heart, 
and brains, resist that pref^sure by an endeavour of 
restitution outwards ? Wliy then should there not 
he without and beforu the eye, an apparitiou of 
light in this rase as well as in the other r 

A, I grant tliere must. But what is that which 
appears after the pressing of the eye ? For there 
is nothing without that was not there before ; 
or if there were, mcthinks another should sec it 
better, or as well as he ; or if in the dark, me- 
tfainks it should enlighten the place. 

B, It is a fancy, such as is the appearance of 
your face in a looking-glass ; such as is a dream ; 
such as is a ghost ; such as is a spot before the 
eye that hath sUired upon the sun or fire. For all 
these are of tlie regiment of fancy, without any 
body concealed under them, or behind them, by 
which they are produced. 

A. And when you look towards the sun or 
moon, why is not that also which appears before 
your eyes at that time a fancy ? 



!AP. IV. B. So it is. Though the sun itself be a real 
i-ft-uoiiB (.r body, yet that bright circle of about a foot dia- 
ii'iii u>.i i<|{i>t. meter winiiot be the sun, unlej^s there be two suns, 
a greater and a lesser. And because you may see 
that which you call the sun, both above you m the 
sky, and before you iu the water, and two suns, 
by distorting your eye, in two places in the sky, 
one of them must needs be fancy. And if one, 
both. All sense is fancy, though the cause be 
always in a real body. 

A. I see by this that those things which the 
learned call the accidents of bodies, are indeed 
nothing else but diversity of fancy, and are iidie- 
rcnt iu the sentient, and not in the objects, except 
motion and quantity. And I i>erceive by your doc- 
trine you have been tampering with Leviathan. 
But how comes wood with a certain degree of 
heat to shine, and iron also with a greater degree ; 
but no heat at all to be able to make water shine ? 

B. That which shineth hath the same motion iu 
its parts that 1 have all this while supposed in the 
snu and ciuth. In which motion there must needs 
be a competent degree of swiftness to move the 
sense, that is, to make it visible. All bodies that 
are not fluid will shine with heat, if the heat be 
very great. Iron will shine and gold will shine ; 
but water will not, lieoause the parts are carried 

ore tliey attain to that degree of swiftness 

fuisite. 

! are many fluid bodies whose parts 

and yet they make a flame, ivs oil, and 

ther strong drinks. 
oil I never saw any inflamed by itself, 
•ever heated, therefore I do not think 
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tbey are the parts of the oil, but of the comhusti- chap, rr, 
ble bodv oiled that shine ; but the parts of wine J~r'^ 
and stroiiK drinks have jmrtly a strong^ motion of h«i«"iM«- 
themselves, and may be made to Khiue, but not with 
boiling, but by adding to them as they rise the 
flame of some other botly. 

A. How can it be known that the jmrlieles of 
wine have such a motion as yon suppose ? 

B. Have you ever been so much distempered 
with drinking wine, as to think the windows and 
table move ? 

A, I confess, though you be not my coufrssor, 
I have ; bnt very seldom ; and 1 remember the win- 
dtjw seemed to go and come in a kind of circling 
motion, such as you have described. But what of 

B. Nothing, but that it was the wine that caused 
it; which harins: a pood deerree of that motion 
before, did, when it was heiited in the veins, give 
that concussion, which you thought was in the 
window, to the veins themselves, and, by the con- 
tinuation of the parts of man's body, to the brain ; 
and that was it which made the window seem to 
move. 

A. What is flame ? For 1 have often thought 
the flame that comers out of a small heap of straw 
to be more, before it hath done flaming, than a 
hundred times the straw itself. 

B. It was but your fancy. If you take a stick 
in your hand by one end, the other end Imrning, 
and move it swiftly, the buniing end, if the mo- 
tion be circular, shall seem a circle ; if straight, a 
straight line of 6re, longer or shorter, according 
to the swiftness of the motion, or the space it 
moves in. You know the cause of that. 



A. I think it is, liecause the impression of that 
visible object, which was made at the first iastant 
ofthe motioD, did last till it was ended. For then 
it will follow that it must be visible all the way, 
the impressions in all points of the time being 
equal. 

B. The cause can be no other. The smallefit 
spark of fire flying up seems a line drawn upward ; 
and again by that swift circular motion which we 
have supposed for the cause of light, seems also 
broader than it is. And consequently the flame of 
every thing' must needs seem much greater than 
it is. 

A. Wliat are those sparks that fly out of the 
fire? 

B, They arc small pieces of the wood or coals, 
or other fuel loosened and carried awny with the 
air that cometh up with them. And beine; extin- 
guished before their parts be quite dissipated into 
otliers, are so much soot, and black, and mny be 
fired again. 

A. A spark of fire may be stricken out of a cold 
stone. It is not tlierefore heat that makes this 
shining. 

D. No it is the motion that makes both the heat 
and shining; and the stroke makes the motion. 
For every of those sparks, is a little parcel of the 
stone, which swiftly moved, imprinteth the same 
motion into the matter prepared, or fit to re- 
ceive it. 

A. How comes the light of the sun to bum al- 
most any combustible matter by refraction through 
a convex glais, and by ntfleotion from &. concave r 

B. The air moved by the sun presseth the con- 
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Tcx gliiss in such manner as the action continued chap. iv. 
through it, prtn-eechith not in the. saine straight |v,M™,nf' 
line by which it proceeded from the sun, but »«•» ■»!"»''»• 
tendeth more toward the centre of the body it 
enters. Also when the action is continued through 
the convex body, it beudeth again the same way. 
By which means the whole action of the sun-beams 
are enclosed within a very small coinpasa : in 
which place therefore there must be a very vehe- 
ment motion ; and consequently, if there be in that 
place combustible matter, such as is not very hard 
to kindle, the parts of It w ill be dissipated, and re- 
ceive that motion which worketh on the eye as 
other tire does. 

The same reason is to be given for burning by 
reflection. For there also the beams are collected 
iDto almost a point. 

A, Why may not the sun-beams be such a l>ody 
as we call fire, and pass through the pores of the 
^ass so disposed as to carry them to a point, or 
very near ? 

B. Can there be a glass that is all pores? if 
there cannot, then cannot tliis effect be produced 
by tlxe passing of tire through the pores. You have 
seen men light their tobacco at tlie sun with a 
burning glass, or with a ball of crystal, held 
which way they will indifferently. Which must be 
impossible, unless the ball were all pores. Again, 
neither you nor I can conceive any other fire than 
we have seen, nor than such as water will put out. 
But not only a solid globe of glass or crystal will 
serve for a burning-glass, but also a hollow one 
filled with water. How then docs the fire from the 
son pass through the glass of water without being 
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put out before it come to the matter they would] 
have it burn ? 

A. I know not. There comes nothing from the ' 
sun. If there dirt, there is come so much from it" 
already, thut at this day we had had nu sua. 



CHAPTER V. 
raonf.EMs of hakh and soft. 

A. What call you hard, and what soft ? 

S. That body whereof no one jKirt is wmily put 
out of its phice, without rcmovinj^ the whole, is 
that which I and all men call hard ; and the con- 
trary soft. So that they are but degrees one of 
another. 

A. What is the cause that makes one body 
harder than another, or, seeing you say they are 
but degrees of one another, what makes one body 
softer than another, and the same body sometimes 
harder, sometimes softer ? 

Ji. The same motion which we have supposed 
from the beginuing for the cause of so many other 
effects. M^lich motion not being upon the centre 
of the part moved, but the part itself going in 
another circle to and again, it is not necessary that 
the motion be perfectly circular. For it is not cir- 
culation, but the reciprocation, I mean the to and 
i^\n, that does cast off, and lacerate the air, and 
consequently produce the fore-mentioned effects. 

For the cause therefore of hardness, I suppose 
the reciprocation of motiou in those things which 
arc hard, to be very swift, and in very small 
circles. 
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A, This is somewhat hard to believe. I would chap, v. 
you could supply it with some visible experience. i.^„7^ 

//. When you see, for example, a cross-bow "-^ "««i "^^ , 
bent, do you think the parts of it stir r 

A. No. I am sure they do not, 

B. How are you sure r You have no arpiment 
for it, but that you do not Bee the motion. When 
1 see you sitting still, must 1 believe there is no 
motion in your parts within, when there are so 
many arguments to convince me there is. 

A, What argument have you to convince me 
that there is motion in u cross-bow when it stands 
bent • 

B. If you cut the string, or any way set the lx>w 
at liberty, it will have tlien a very ^'isible motion, 
^Vhat can be the cause of that ; 

A, "Why the setting of the bow at liberty, 
JS, If the bow had been crooked before it was 
bent, and the string tied to both ends, and tlien 
cut asunder, the bow would not have stirred. 
Where lies the difference ? 

A. The bow bent has a spring; unbent it has 
none, how crooked soever. 

B. What mean you by spring ? 
A* An endeavour of restitution to its former 

posture. 
B. I understand spriug as well as I do endeavour. 

A. I mean a priuciplc or beginning of motion iu 
a contrary way to that of the force which bent it. 

B. But the beginning of motion is also motion, 
how insensible soever it be. And you know that 
nothing can give a beginning of motion to itself. 
What is it therefore that gives the bow (which you 

you are sure was at rest when it stood bent) 

VOL. VII. D 
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v. its first endeavour to return to its former pos- 

Pniklrim iif 

ii»r.i .iHi K.ft. A. It was he that bent it. 

B. That cannot be. For he gave it an endea- 
vour to come forward, and tlie bow endeavours to 
go backward. 

A. AVell, grant that endeavour be motion, and 
motion in the bow unbent, how do you derive from 
thence, that being set at liberty it must return to 
its former posture ? 

B. Thus there being within the bow a swift 
(though invisible) motinu of all the parts, and (;on- 
sequently of the whole ; the bunding causeth that 
motion, which was along the bow (that was beaten 
out when it was hot into that length) to operate 
across the length in every part of it, and the more 
by how much it is more bent ; and consequently 
endeavours to unbend it all the while it stands 
bent. And therefore when the force which kept 
it bent is removed, it must of necessity return to 
the posture it had before. 

A. But has that endeavour no effect at all before 
the impediment be removed ? For if endeavour 
be motion, and every motion have some effect more 
or less, methinks this endeavour should in time 
produce something. 

B. So it does. For in time (in a long time) the 
course of this internal motion will lie along the 
bow, not according to the f(»nner, but to the new 
acquired posture. And then it well be as uneasy 
tu return it to its former posture, as it was before 
to bend it. 

A. That is true. For bows long bent lose their 
appetite to restitution, long custom becoming 
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nature. But from this iuterual reciprocation of the chap. v. 
parts, bow do you infer the hardness of the whole ^^,^^ ^, 
body? 

li. If you apply force to any single part of such 
a body, you must needs disorder the motion of the 
next parts to it before it yield, and there disordered, 
the motion of the next again must also lie disor- 
dered; and consequently uo one part C4in yield 
without force sufficient to disorder all : but then 
the whole bwly must also yield. Now when a body 
is of such a nature as no .single part can be removed 
without removing the whole, men say that body 
is hard. 

.4. Wliy does the fire melt divers bard bodies, 
and yet not all r 

II. The hardest bodies are those wherein the 
motion of the parts are the most swift, and yet in 
the least circles. Wherefore if the fire, the motion 
of whose parts are swift, and in greater circles, be 
made so swift, as to be strong enough to master the 
motion of the parts of the hard body, it will make 
those parts to move in a greater compass, and 
thereby weaken their resistance, that is to say, soften 
them, which is a degree of li<iuefactiou. And 
when the motion is so weakened, as that the ports 
lose their coherence by the force of their own 
weight, then we count the body melted. 

A. ■\Miy are the hardest things the most brittle, 
insomuch that what force soever is enough to bend 
them, is enough also to break them ? 

B. In bending a liard body, as (for example) 
a rod of iron, you do not enlarge the space of the 
internal motion of the parts of iron, as tbe fire 
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does; but you master and interrupt the motion, 
and that chiefly in one place. In which place the 
motion that makes the iron hard being once over- 
come, the prosecution of that betiding mnst needs 
suddenly master the motions of the parts next unto 
it, being almost mastered before. ] 

A. I have seen a small piece of glass, the figur^ 
whereof is this, A A B C. Which piece of glass U 
you bend toward the top, as in G, the whole bodjj 
will shatter asunder into a million of pieces, and 
be like to so much dust. I would fain see you give 
a probable reason of tlmt. < 

iB. I have seen the experiment. The making of 
the glass is thus t they dip an iron rod into tbe 
molten glass that stands in a vessel within the 
furnace. Upon which iron rod taken out, there 
vdW hang a drop of molten but tough metal of thai 
figure you have descrilwd, which they let fall into) 
the water. So that the main drop comes first toj 
the water, and after it the tail, which thoughl 
straight whilst it hung on the end of the rod, yet 
by falling into the water becomes crooked. Now, 
yon know the making of it, you may consider whati 
must be the consequence of it. Because the maioJ 
drop A comes first to the water, it is therefore firsti 
quenched, and consequently the motion of th« 
parts of that drop, which by the fire were made to 
oved in a larger compass, is by the water 
3 shruik into lesser circles towards the other 
but with the same or not mwcb less swiftness, 
hy so ? 

yuu take any long; vyiee* o^ ^^™' S^^s*. ot 
iform and contiuv^^i VioA^; aud having 

ne end thereof, yck-^^^ \io^^ ^^*^ ^^'^^ ^^* *^ 
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jrour hand, and so queucb it suddenly, though be- chap. v. 
fore vou liehl it easily enoug:h, yet now it will ' ■ ' 
bum your niigen>. uniMniMn. 

A. It will 80. 

li. You see then how the motion of the pnrt** 
from A toward C is ninde uiore violent and in less 
compass by quenching the other parts first. Be- 
sides, the whole motion that was in all the parts of 
the mail! drop A, is now united in the small end 
B C. An<l this I txike to be the eause \\hy that 
t^maJl part U C is so exceeding stitf. Seeing also 
this motiou iu every small jmrt uf the glass, is not 
only circular, but prm^eeds also nil alnn^ the glass 
fipom A to B, the whole moliou compounded will 
be !>uch OA the nmtion of spinning any soft nmtter 
into thre-ad, and will dispose the whole body of 
the glass in threads, which in other hard bodies 
are culled the grain. Therefore if you bend this 
body (for example) in C (which to do will require 
more force than a man would think that has not 
tried) those threads of gla.'ts must needs be all bent 
at the siiiue time, and stand so, till by the breaking 
of the glass at C, they he all at once set at liberty ; 
and then all at once being suddenly unbent, like 
HI many brittle and overbent bows, their Strings 
breaking, be shivered in pieces. 

A. It is like enough to be so. And if nature 
have betrayed herself in any thing, I think it is in 
lliis, and iu that other experience of the cross- 
bow ; which strongly and evidently demonstrates 
the internal reciprocation of the motion, which you 
Kiippoee to be in the internal parts of every hard 
liody. And 1 have observed somewhat iu looking- 
glasses which much confirms that tlicre is some 
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cHAP.v. such motion in the internal parts of glass, as yon 
_^ ' "' have supposed for the cause of hardness. For let 
iMni aij toft, the glass be A B, and let the object at C be a 
candle, and the eye at D. Now by divers reflec- 
tions and refractions in the two superficies of the 
glass, if the lines of vision be very oblique, you 
shall see many images of the candle, as E, F, G, 
in such order and position as is here described. 
But if you remove your eye to C, and the candle 
to D, they will appear in a situation manifestly 
diflFerent from this. Which you will yet more 
plainly perceive if the looking-glass be coloured, 
as I have observed m red and blue glasses ; and 
could never conceive any probable cause of it, till 
now you tell me of this secret motion of the parts 
across the grain of the glass, acquired by cooling 
it tliis or that way. 

li. There be very mauy kinds of hard bodies, 
metals, stones, and other kinds, in the bowels of the 
earth, that have been there ever since the bcg^n- 
niug of the world ; and 1 believe also mauy diffe- 
rent sorts of juices that may be made bard. But 
for one general cause of tiardness it can be iio 
other than such an internal motion of parts as I 
have already described, wliatsoever may be the 
cause of the several concomitant qualities of their 
hardness in particular. 

A. We see water hardened every frosty day. 
It is likely therefore you may give a probable cause 
of ice. Wliat is the cause of freezing of the ocean 
towards the poles of the earth r 

D. You know the sun being always between the 
tropics, and (as we have supposed) always casting 
off the air; and the earth likewise easting it otf 
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I itself, there must needs on both sides be a chap. v. 
great stream of air towards the poles, shaving the ,^^^^' 
superficies of tlie earth and sea, in the nurtherii ''"'^ "*"»"• 
and southern climates. Tliis shaving of the earth 
and sea by the stream of air must needs trontraet 
and make to shrink tliose little circles of the inter- 
nal parts of earth and water, and consequently 
harden them, first at the superficies, into a thin 
skin, which is the first ice ; and afterwards the 
same motion continuing-, and the first ice co-ope- 
rating, the ice becomes thicker. And this I con- 
'Hdre to be the cause of the freezing of the ocean. 

A. If that be the cause, I need not ask how a 
bottle of water is made to freeze in warm weather 
with snow, or ice mingled with suit. Vor when 
tbe bottle is in the midst of it, the wind that gneth 
out both of the salt and of the ice as they dissolve, 
most needs shave the superficies of the bottle, and 
die bottle work accordingly on the water without 
it, and so give it first a thin skin, and at last 
thicken it into a solid piece of ice. But how comes 
it to pass that water does not use to freeze in a 
deep pit ? 

li, X deep pit is a very thick bottle, and such 
as the air cannot come at but only at the top, or 
where the earth is very loose and spuuicy. 

A. Why will not wine freeze as well as water? 

U. So it will when the frost is great enough. 
Bat the internal motion of the jrarts of wine and 
other healing liquors is in greater circles and 
stronger than the motion of the jwirts nf water; 
and therefore less easily to be frozen, especially 
quite through, because those parts that have the 
strongest motion retire to the centre of the vessel. 
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CHAPTER \X 

raoBLOis OP rain, wind, and other weather. 

A. What is the original cause of rainr And 
how is it gtiK-rated ? 

B. The motion of the air (such os I have de- 
BCTtbed to you nlreatly) tending; to the disunion of 
the parts of the air. must needs caiise a continual 
endeavour (there lieing no poKsibility of vacuum) of 
wliatj*ocver fluid parts there are upon the face of 
the earth an<l sea, to supply the place which would 
eUe be empty. Tliis makes the water, and also 
very small and loose parts of the earth and sea to 
fine, and mingle themselves with the air, and to 
become mist and clouds. Of which the greatest 
ijuaiitity arise there, where there is most water, 
namely, from the lai^e parts of the ocean ; which 
are the Sonth Sen, the Indian Sea, and the sea that 
divide<l Kur(>i)e and Africa from America ; over 
whi(!h the sun for the greatest part of the year is 
perpendicular, and consequently raiseth a greater 
quantity of water ; which afterwards gathered into 
clouds, falls down in rain. 

A. If the snn can thus draw up the wmier, 
though but in small drops, why can it not as eady 
hold it up ? 

Ji. It is likely it would aUo hold them iq^ 
they did not grow greater by meeting logc^cr, 
Dor were carried away by the air towards tKr 

A. What makes them gather together: 

/f. U U not improbable that they 





North or South where the force of the suu is more roii., -m-i. wi 
oblique aad thereby weaker, tliey descend gently 
by their own weight. And because they tend all 
to the centre of the earth, they must needs be 
anited in their way for want of room, and so grow 
bigger. And then it rains. 

A. Whnt is the reason it rains so seldom, but 
suows so often upon very biph mouutaius ? 

B. Because, perhaps, when the water is drawu 
«p higher than the highest mountains, where the 
course of the air between the equator and the 
poles is free from stoppage, the stream of the air 
freezeth it into snow. An<l it is in those places 
only where the hills shelter it from that stream, 
lliat it falls in rain. 

A. \\Tiy is there so little rain in Egypt, and yet 
so much in other parts nearer the equiuoxial, as 
to make the Nile overflow the country ? 

B. The cause of the falling of rain I told you 
was the stopping, and consequently the collection 
of clouds about great mountains, es]>ecially when 
the 8an is near the equiuoxial, and thereby draws 
up the water more potently, and from greater 
spas. If you consitler therefore that the moun- 
tains in which are the springs of Nile, He near the 
fquinoxial and are exceedingly great, and near the 
Indian Sea, you will not think it strange there 
should lie great store of snow. Tliis as it melta 
makes the rain of Nile to rise, which in April and 
May going on toward Egypt arrive there about 
ihe time of the solstice, and overflow the country, 

A. Vihy should not the Nile then overflow that 
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2IIAP. V]. country twice a year, for it comes twice a-year to 
the cquinoxial. 

JJ. From the autumnal equinox, the sun goeth on 
toward the southern tropic, and therefore cannot 
dissolve the snow ou that side of the hills that 
looks towards Egypt. 

A. But then there ought to be such another 
inundation southward. 

li. No doubt but there is a greater descent of 
water there in their summer than at other times, 
as there must be wheresoever there is much snow 
melted. But what should that innudntc, unless it 
should overflow the sea that comes close to the 
foot of those mountains ? And for the cause why 
it seldom rains in Egypt, it may be this, that there 
are no verj' hi^yh hills near it to collect the clouds. 
The mountains whence Nile riseth being near two 
thousand miles off. The nearest on one side are 
the mountains of Nubia, and on the other side 
Siua and the mountains of Arabia. 

A. Whence think you proceed the winds ? 

B. From the motion, I think, especially of the 
clouds, partly also from whatsoever is moved in 
the air. 

A. It is manifest that the clouds are moved by 
the winds ; so that there were winds before any 
clouds could be moved. Therefore 1 think you 
make the effect before the cause. 

It. If nothing could move a cloud but wind, 
your objection were good. Kat you allow a cloud 
to descend by its owii weight. But when it so 
descends, it must needs move tlie air before it, 
even to tlic earth, and the earth again repel it, 
and su make lateral winds every way, which will 
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Carry forward other clouds if there be any in their chap. vi. 
way, but uot the cloud that made them. Tht^ va- p^^^ 
potir of the water risine into clouds, must needs "^ "'"' ■■«' 
also, as they nac, raise a wind. 

.'1. I grant it. But how can the slow motion of 
a cloud make so swift a wind as it does ? 

B. It is uot one or two little clouds, but many 
and great ones that do it. Besides, when the air 
in driven into places already covered.it cannot but 
be much the swifter for the narrowness of the 
passage. 

A. Why does the south wind more often than 
any other bring rain with it ? 

D. >\'here the sun hath most power, and where 
the seas are greatest, that is in the south, there is 
most water in the air ; which a south wind can 
only bring to us. But I have seen great showers 
of rain sometimes also when the wind hath been 
north, but it was in summer, and came first, I 
think, from the south or west, and was brought 
back from the north. 

A . I ha\e seen at sea very great waves when 
there was no wind at all. What was it thou that 
troubled the water } 

B. But had you not wind enough presently 
after? 

A. We had a storm within a little more than a 
qttartej* of an hour after. 

B. That storm weis then coming and had moved 
the water before it. But tiie wind you could not 
perceive, for it came downwards with the descend- 
ing of the clouds, and pres.sing the water bounded 
above your sail till it came very near. And that 
was it that made vou think there was no wind at all. 
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tj. A. How couies il to ^>a^s that a ship should go 
against the wind which moves it, even almost 
point blank, as if it were not driven but drawn ? 

B. You are to know first, that what body soever 
is carried against another body, w hether perpendi- 
cularly or obliquely, it drives it in a perpendicular 
to the superBcies it lighleth on. As for example, 
a bullet shot against a fiat wall, niaketh the stone, 
or other matter it hits, to retire ru a ]>crpeiidieular 
to that flat ; or, if the wall be round, towards the 
centre, that is to say, perpendicularly. For if the 
way of the motion be oblique to the wall, the mo- 
tion is eompouuded of two motions, one parallel 
to the wall, and the other perpendicular. By the 
former whereof the bullet is carried along the wall 
side, by the other it approaeheth to it. Now the 
former of these rautions can have no effect upon 
it ; all the battery is from the motion perpendicu- 
lar, in which it approaeheth, and therefore the 
part it hits must also retire perpendicularly. If it 
were not so, a bullet with the same swiftness would 
execute as much obli([uely shot, as peri>endicu- 
larly, uhich you know it does not. 

A, How do yoa apply this to a ship ? 

B. Let A B be the ship, the head of it A. If the 
wind blow just from A towards B, it is true the 
ship cannot go forward howsoever the sail be set. 
Let C D be perpendicular to the ship, and let the 
sail E C be never so little oblique to it, and F C 
per]>endicular to E C, and then you see the ship 

. will gain the space I> F to the headward. 
I A. It will so ; but when it is very near to the 
[ wind it will go forward very slowly, and make 
^^lore way with her side to the leeward. 



B. It will indeed po slower in the proportion of chap. vi. 
the line A E to the line C E. But the shin w ill not — ' 

I • 1 . 1 PM*'l«»t clf 

go so fast as you think sideward : one caosc is the i«in. -ii.a, .na 

force of that wind which lights on the side of the """* 

ship itself; the other is the hellyini^ of the sail; 

for the former, it is not inuph, because the ship 

does not easily put from her the water with her 

side ; and bellying of the sail gives some little hold 

for the wind to drive the ship astern. 

A. For the motion sideward I agree with yon ; 
but 1 had thought the bellying of the sail had 
made the ship go faster. 

B. But it does not ; only in a fore wind it hin- 
ders least. 

A. By this reason a broad thin board should 
make the best sail. 

B. You may easily foresee the great iucomrao- 
dities of such a sail. But I have seen tried in 
little what such a wind can do in such a case. For 
1 have seen a board set upon four truckles, with a 
staff set np in the midst of it for a mast, and 
another very thin and broad board fastened to 
that staflT in the stead of a sail, and .so set as to 
receive the wind very obliquely, I mean so as 
to be within a point of the compass directly oppo- 
site to it, and so ])laced upon a reasonable smooth 
pavement where the wind blew somewhat strongly. 
The event was first, that it stood douhtiug- whether 
it should stir at all or no, but that was not long, 
and then it ran a-head extreme swiftly, till it was 
overthrown by a rub. 

.4. Before you leave the ship, tell me how it 
comes about that so small a thing as a rudder can 
JO easily tarn the greatest ship. 



CHAP. VI. B. It is not the rudder only, there must also lie 
„ ' , ■ 7 a stream to do it; yoii shall never turn a ship 
ndn. irin^ ,«.i With a ruddcr in a standing pool, nor iu a natural 
'" "" current. You must make a stream from head to 
stem, either with oars or with sails; when you 
have made such a stream, the turning of the rud- 
der obliquely holds the water from passing freely, 
and the ship or boat canuot go on directly, but as 
the ruddcr incliues to the stern, so will the ship 
timi ; but this is too well known to insist upon. 
Yon have obsened that the rudders of the greatest 
ships are not very broad, but go deep into the 
water, whereas western barges, though but small 
vessels, have their rudders raueh broader, which 
argues that the holding of water from passing is 
the tnie office of a mdder; and therefore to a ship 
that draws much water the rudder is made deep 
accordingly; and in barges that draw little water, 
the rudders being less deep, must so much the more 
be extended in breadth. ^H 

A. AVTiat makes snow r ^ 

B, The same cause which, speaking of hardness, 
I supposed for the cause of ice. For the stream 
of air proceeding from that both the earth and 
the sun cast off the air, consequently maketh a 
stream of air from the equinoxiol towards the poles, 
passing amongst the clouds, shaving those small 
drops of water whereof the clouds consist, and 
congeals them as they do the water of the sea, or 
of a river. And these small frozen drops are that 
which we call snow. 

A, But then bow are great drops frozen into 
hailstones, and that especially (as we see they are) 
in summer r 




B, It is esperially in summer, and hot weather, chap. vi. 
that the drops of water which make the clouds, ,^,m,^,7 
are great enoujjh : but it is then also that clouds «*". •!»"'. •"■* 
are sooner and more plentifully carried up. And 
therefore the current of the air strengthened be- 
tween the eartli and the clouds, becomes more 
swift ; and thereby freezeth the drops of water, 
not in the cloud itself, but as they are failing. Nor 
does it freeze them thoroughly, the time of their 
felling not permitting it, but gives them only a thin 
coat of ice ; as is manifest by their sudden dis- 
soMng. 

A. Why are not sometimes also whole clouds 
when pregnant and ready to drop, frozen into one 
piece of ice r 

JS. I believe they are so whensoever it thunders. 

A. But upon what ground do you believe it? 

B. From the manner or kind of noi.se tliey make, 
namely a crack ; which I see not how it can poss^i- 
bly be made by water or any other soft bodies 
nhat.soever. 

A, Yes, the pow der they call aurnm fuhninans^ 
when thoroughly warm, gives just such another 
crack as thunder. 

B. But why may not every small grain of that 
aarum fitlminans by itself be beard, though a heap 
of them together be soft, a.s is any heap of sand. 
Salts of all sorts are of the nature of ice. But 
gold is dissolved into aurum Julminann by nitre 
and other sails. And the least grain of it gives a 
little cruck in the fire by itaelf. And therefore 
when they are so warmed by degrees, the crock 
cannot choose but be very great. 
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CHAP. VI. -4. But before it be aurumfulminans they use to 
p^^j^^^lj'^ wash away the salt (which they call dulcifying it), 
imi.MnA.«..i and then they dry it gently by degrees. 

B. That is, they exhale the pure water that is 
left in the powder, and leave the salt behind to 
harden with drying. Other powder made of salts 
without any gold in them will give a crack as great 
as aurumj'nlminans. A very great chemist of our 
times hath written, that salt of tartar, saltpetre, 
and a little brimstone ground toj^ether into a pow- 
der, and dried, a few grains of that powder will be 
made by the fire to give as great a clap as a 
musket. 

A. Methinks it were worth your trial to see 
what effect a quart or a pint oi aurum JulmtnaM 
would produce, being put into a great gun made 
strong enough on purpose, and the breech of the 
gun set in hot cinders, so us to heat by degrees, 
till the powder fly. 

U. I ])ray you try it yourself; I cannot spare so 
much money. 

A. What is it that brcaketh the clouds when 
they are frozen ? 

B. In very hot weather the sun raiseth from the 
sea and all moist places abundance of water, aud 
to a great height. And whilst this water hangs over 
us in clouds, or is again descending, it raiseth other 
clouds, and it happens very often that they press 
the air between them, and squeeze it through the 
clouds themselves very violently ; which as it 
passes shaves and hardens them in the manner 
declared. 

A. That has already been granted; ray question 
is what breaks tliem .' 
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B. 1 must bcre take in one supposition more. chap. vi. 
A, Then your basin, it seems, holds Dot all you ,:i^^|J^ 
have need of. naii.».u.i .u-i 

li. It may for all this, for the supposition I add 
is no more but this: that what internal motion I 
ascribe to the earth, and the other concrete parts 
of the world, is to be supjinsed also in ever)' of 
their parts how small soever ; for what reason is 
there to think, in ease the whole earth have in 
truth the motion I have ascribed to it, that one 
part of it taken away, the remaining part should 
lose that motion. If you break a loadstone, both 
parts will retain their virtue, though weakened 
aecording to the diminution of their quantity ; I 
suppose therefore in every small part of the earth 
the same kind of motion, which I have supposed 
in the whole : and so I recede not yet from my 
basin. 

.4. Let it be supposed, and withal, that abun- 
dance of earth, (which I see you aim at), be drawn 
up together with the water. What then ? 

B. Then if many pregnant clouds, some ascend- 
mg and some descending meet together, and make 
concavities between, and by the pressing out of the 
air, as I have said before, become icc; those atoms, 
as I may call them, of earth will, by the straining 
of the air through the water of the clouds, be left 
behind, and remain in the cavities of the clouds, 
and be more in numl>er than for the proportion of 
die air therein. Therefore for want of liberty they 
must needs juatle one another, and become, as they 
are more and more straightened of room, more and 
more swift, and consequently at last break the ice 
suddenly and \-iolently, now in one place, and by 
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cflAP. VI. and by in another ; aud make thereby so many 
i'rohi™o7 *^**P^ '^^ thunder, and so many flashes of lightning. 
nUii, «,rij.Md For the air rccoilinj^ upon our eyes, is that which 

maketh those flashes to our fancy. 

A. But i have seen lightning in a very clear 

evening, when t]iere has been neither thunder nor 

clouds. 
li. Yes, in a clear evening ; because the clouds 

and the rain were Iwlow the horizon, ]x;rba|)S 

forty or fifty miles off; so that you could not sec 

the clouds nor hear the thunder. 

A. If the clouds be indeed frozen into ice, I 

shall not wonder if they be sometimes also so 

situated^ ae, like looking-glasses, to make us see 

sometimes three or more suns by refraction and 

reflection. 



CHAPTER MI. 

PROBLEMS OF MOTION I'llRrKNDICUi.Alt, AND OBMCJUK* 

OF PRESSION AND I'KRCUSSION ; UliFLKCTION AND 

REFRACTION ; ATTRACTION AND RBPUI.S10N. 

A, If a bullet from a certain point given, be shot 
against a wall perpendicularly, »nd iigain from the 
same pouit obliquely, what will be the proportion of 
the forces wherewith they urge the wall? For 
example, let the wall be A B, a point given K, a 
gun C E, that carries the bullet perpendicularly to 
F, and another gun D E, that carries the like bul- 
let with the same swiftness obliquely to G ; in what 
proportion will their forces be upon the wall ? 

/}. The force of the stroke perpendicular from E 
to F will be greater then the obUque force from E 



i 



to G, in the proportion of the line E G to the line chap vr. 
EF. — ^ — 

A. How cau the. difference be so much r Can «*« t^m^iun^ 
the bullet lose so much of its force in the way from Tp^Jlm^^ 

^ £. No; we will suppose it loseth nothing of its J^"^^ '^_ 
VIriltness. 13ut the cause is, that their swiftness »». 
being equal, the one is longer in coming to the 
wall than the other, in proportion of time, as B G 
to E F. For though their swiftness be the same, 
considered in themselves, yet the swiftness of their 
approach to the wall is greater in E F than in E G, 
iu proportion of the lines themselves. 

A. When a bullet enters not, but rebounds from 
the wall, does it make the same angle going off, 
ichjcb it did falling on, as the sun-beams do ? 

B. If you measure the angles close by the wall 
their difference will not be sensible ; otherwise it 
will be great enough, for the motion of the bullet 
^ws continually weaker. But it is not so with 
the snn-beams which press continually and equally. 

A. What is the muse »f reflection ? When a 
body can go no further on, it has lost its motion. 
Whence then comes the motion by which it re- 
botmdeth ? 

B. Tliis motion of rebounding or reflecting pro- 
etedeth from the resistance. There is a difference 
to be considered between the reflection of light, 
aad of a bullet, answerable to their different mo- 
lioiiB, pressing ;md striking. For the action which 
loakes reflection of light, is the pressure of the air 
upon the reflecting body, caused by the sun, or 
other shining body, and is but a contrary endea- 
i^ur ; as if two men should press with their breasts 
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riiAp.vri. upon the two ends of a staff, thoui^h they did not 
p^oiwrTnio. r^Di^ve one another, yet they would find in thera- 
lion pcnK^dk-u selves a ffretit disposition to press backward uiion 
whatsoever is behind Ihein, though not a total 
going out of their places. Such is the way of 
refleetijig light. Now, when the falling on of the 
sun-l)eams is ohlit^ue, tlie uetion of them is never- 
theless perpendicjular to the superficies it falls on. 
And therefore the reflecting body, by resisting, 
turueth buck that motion perpendicularly, as from 
F to E ; but taketli nothing from the force that goes 
on parallel in the line of E H, because the motion 
never presses. And thus of the two motions from 
F to E, and from E to H> is a compomidi^d motion 
in the line F H, which maketh an angle in B G, 
equal to the angle F G £. 

But in percussion (which is the motion of the 
bullet against a wall,) the bullet uo sooner goeth 
off than it loseth of its swiftness, and inclineth to 
the earth by its weight. So that the angles made 
in falling on and going off, cannot be equal, unless 
they be measured close to the point where the 
stroke is made. 

A. If a man set a board upright npou its edge, 
though it may very easily be cast down with a little 
pressure of one's finger, yet a bullet from a mus- 
ket shall not throw it down, but go through it. 
What is the cause of that ? 

fi. In pressing witli your finger you spend time 
to throw it down. For the motion you give to the 
part you touch is communicated to every other 
part l>efore it fall. For tlie whole cannot fall till 
every part be moved. But the stroke of a bullet 
is so swift, as it breaks through, before the motion 
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of the part it liite can be comtnuiiioated to all the chap.vii. 
other parts that must fall with it. vi^^iZTl^ 

A. The stroke of a hammer will drive a nail a^^vm<«^"* 
greAt way into n piece of wood on a siidrU-.n. \\ hat 
weight laid upon the head of a nail, and in how 
much time will do the same r It is a question I 
have heard propoutuled amoiij^t naturalists. 

If. The different manner of the operation of 
weight from the operation of a stroke, makes it 
inralculable. Tlie suddenness of the stroke upon 
one point of the wood takes away the time of re- 
nce from the rest. Therefore the ua'il enters 
80 far as it docs. But the weight not only ^ves 
them time, but aUo augments the resistanee ; hut 
bow much, and in how much time, is, 1 think, 
impossible to determine. 

A. Wljat is the difference between reflection and 
recoiling ? 

B. Any reflection may, and not unpro])erly, be 
filled retToiling ; but not contrariwise every recoil- 
ing reflection. Reflection is always made by the 
reaction of ahody pressed or stricken; but recoiling 
not always. The recoiling of a gun is not caused 
by its own pressing upon the gunpowder, but by 
tbe force of the powder itself, infiaraed and moved 
Ker)' WHV alike. 

A. 1 had thought it had been by the sudden re- 
luteriug of the air after the flame and bullet were 
^e out. For it is impossible that »o much room 
ts is left empty by tbe discharging of the gun, 
should be so suddenly filled with the air that en- 
tereth at the loucbhole. 

£. The flame is nothing but the powder itself, 
which scattered into its smallest parts, seems of 



cuAi'.vii. greater bulk by much, than Id truth it is, because 

Probirni. dTm* '^^^ shiue. Aud as the parts scatter more and 

liPD p«T»idku. more, so still more air gets between them, entering 

not only at the touclihole, but also at the mouth 

of tlie gun, which two ways being opposite, it will 

be much too weak to make the gun recoil. | 

A. I have heard that a great gun chained too 
much or tool ittle, will shoot, not above, nor below, 
but Iwside the mark ; and charged with one cer- 
tain charge between both, will hit it. 

B. How that should be I cannot imagine. For 
when all things in the cause arc equal, the effects 
cannot be unequal. As soon as tire is given, and 
before the bullet be out, the gun begins to recoil. 
If tht'n there be any uneveuness or rub in the , 
ground more on one side than on the other, it shall 
shoot beside the mark, whether too much, or too 
little, or justly charged ; because if the line wherein 
the gun recoileth decline, the way of the bullet 
will also decline to the contrary side of the mark. 
Therefore I can imagine no cause of this event, 
but either in the ground it reiroils on, or in the 
unequal weight of the parts of the breech. ^H 

/I. How comes refraction? ^^ 

li. When the action is in a line jrerpendicular 
to the superficies of the body >vrought upon, there 
will be no refraction at all. The action will pro- 
ceed still in the some straight line, whether it 
be pression as iu light, or percussion as in the 
shooting of a bullet. Uut when the pression is 
oblique, then will the refraction be that way which 
the nature of the bodies through which the action 
proceeds shall determine. 
A. How is light refracted r 



niiLosopntcAL problems. 

B. If it pass through a body of less, into n body chap-vii, 
of in-eater resistance, and to the point of the „",, ■ , 
saperncies it falletb on, you draw a hne perpeu- **^^ i«Ti»(.,iii-n. 
(iicular to the same superficies, the action will 
proceed not in the same litie by which it fell on, 
but iu another line bending toward that perpen- 
dicular. 

A. What is the rcnsoti of tlint } 

B. I told you before, that the falling on worketh 
jBuly in the perpendicular ; but as soon as the 
^vctiou proeeedeth farilier inward than a mere 

toacb, it worketh partly in the perpendicular, and 
partly forward, and would proceed iu the same 
Ime in which it fell on, but for the greater resist- 
ance which now weakeneth the motion forward, 
aud innkea it to incline towards the perpendicular. 

A. In transparent Ixidies it may be so ; but there 
be bodies through which the light cannot pass 
at all. 

B. Rut tlie action hy which light is made, possetb 
through all Iwdies. For this action is pressiou ; 
and whatsoever is pressed, presseth that which ia 
next behind, and so continually. But the cause 
why there is no light seen through it, is the uu- 
epenness of the part5 within, whereby the action is 
by an infinite immber of refle<.'tion.4 so diverted 
and weakened, tliat before it hath proceeded 
through, it hath not strength left to work upon 
the eye strongly enough to produce sight. 

A. If the body being transparent, the action 
proceed quite through, into a body agjun of less 
resistance, as out of gloss into the air, which way 
fchali it then proceed in the air ? 

B. From the point where it goeth forth, draw a 
perpendicular to the superficies of the glstss^ the 



CHAP.vii. action now freed from the resistance it suffered, 
p^^J^]^]^^^!^ will go from that jjerpendicular, as much as it did 
ttoo p«i«„iifi^ before come towards it. 

A. Wlien a bullet from out of the air entereth 
into a wall of earth, will that also be refracted 
towards the perpendicular. 

B. If the earth be all of one kind, it will. For 
the parallel motion, will there also at Uie first 
entrance be resisted, which it was not before it 
entered. 

A. How then comes a bullet, when shot very 
obliquely into any broad water, and having entered, 
yet to rise iiguin into the air ? 

B. When a bullet is shot very obliquely, though 
the motion be never so swift, yet the approach down- 
wards to the water is very slow, and when it com- 
cth to it, it casteth up much water before it, which 
with its weight presselh downwards again, and 
uiakeili the water to rise under the bullet with 
force enough tu ma.ster the weak motion of the 
bullet downwards, and to make it rise in such man- 
ner as bodies use to rise by reflection. 

A . By what motion (seeing you ascribe all eflFects 
to motion) can a loadstone draw iron to it> 

B. By the same motion hitherto supposed. But 
though all the smallest parts of the earth have 
this motion, yet it is not supposed that their motions 
are in equal circles; nor that they keep just time 
with one another: nor that they have all the 
same poles. If they bad, all bodies would draw 
one another alike. For such an agreement of 
motion, of way, uf sw iftiies^, and of poles, cannot be 
maintained, without the conjunction of the bodies 
themselves in the centre of their common motion, 
but by violence. If therefore the iruu have but so 




nmch of the nature of tlie loadstone as readily to cHAP.vii. 
receive from it the like motion, as one Ktrine of a ' ' 
late doth from another striug stramcd to the same "So" j-tpoidi«u. 
note, (as it is like enough it hath, the loadstone '*'■'*•'**'"■ *"■ 
being bat one kind of iron ore), it must needs oiler 
diat motion received from it, unless the greatness 
of the W(Mght hinder^ come nearer to it, bccaose 
at distance their motions will differ in time, and 
Dp{)ose each other, whereby they will be forced to 
a commtm centre. If the iron be lifted up from 
the earth, the motion of tlie loadstone must be 
stronger, or the body of it nearer, to overcome the 
weight ; and then the iron will leap up to the load- 
stone as swiftly, as from the same distance it would 
&11 down to the earth ; but if both the stone and 
die iron be set floating upon the water, the attrac- 
tion will begin to be manifest at a greater distance, 
because the hindrance of the weight is in part 
removed. 

A. But why does the loadstone, if it float on a 
calm water, never fail to place itself at last in the 
meridian just north and south. 

B. Not so, just in the meridian, but almost in 
all places with some variations. But the cause I 
think is, that the axis of this maguetical motion is 
parallel to the axis of the ecliptic, which is the 
a-xis of the like motiou in the earth, and nouse- 
qaently that it cannot freely exercise its natural 
motion in any other situation. 

.4. Whence may this consent of motion in the 
_^dstono and the earth proceed ? Do you think, as 
»me have written, that the earth is a great loadstone? 
fl. Dr, Gilbert, that was the first that wrote any- 
thing of this subject rationally, inclines to that 
opinion. Descartes thought the eflrth, excepting 




"CHAP. VII, inis upper crust ol a lew 

Pi^M^ToTli* ^^^^ nature «-ith all other stare, and bright. 

tiM. iMpwidicn my part, T am content to be ismorant ; but I believe 
the loatlstone hath been given its virtue by a long 
habitude in the mine, the vein of it lying in tlie plane 
of some of the meridians, or rather of some of the 
gre^t circles that pass through the poles of tlie 
ecliptic, which are the same with the poles of the 
like motion supposed in the earth. 

A. If that be true, 1 need not ask why the filings 
of iron laid on a loadstone equally distant from its 
poles will lie parallel to the axis, but on each side 
will incline to the pole that Ls next. Nor why by 
drawing n loadstone alt along a net^dle of iron, the 
needle will receive the same poles. Nor why when 
the loadstone and iron, or two loadstones, arc put 
together floating upon water, will fall one of them 
astern of the other, that their like parts may look 
the same way, and their unlike touch, in which 
action they are commonly said to repel one another. 
For all this may be derived from the union of their 
motions. One thing more I desire to know, and 
that is ; what are those things they call spirits ? 
I mean ghosts, fdiies, hobgoblins, and the like 
apparitions. 

li. They are no jiart of the subject of natural 
philosophy. 

A. That which in all ages, and all places is com- 
monly seen (as those have been, unless a great part 
of mankind be liars) cannot, I think, be super- 
natural. 

B. All this that I have hitherto said, though 
upon better ground than can be had for a discourse 
of ghosts, you ought to take but for a dream. 

A. I do so. But there be some dreams more 
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Tike seuse theu others. And that which is like ctiAP.vn. 
sense pleases me as well in natural philosophy, as ,.^^,"]7L.. 
if it were the very truth. 

B. t was dreaming also once of these things ; 
hut was wakened by their noise. And they never 
came into any dream of mine since, unless appari- 
tious ill dreams and ghost be all one. 



CHAPTER Via. 



KTBB DELPHtC PROKI.CM, OH nUPLICATION OP TUK 
\ CU»K. 

L Have you see!i a printed paper sent from Paris, 
containing the dnplici^tiou of the cube, written in 
French? 

B. Yes. It was 1 that writ it, and sent it thither 
to be printe<l, on purpose to see what objections 
would be made to it by our professors of algebra 
here. 

A, Then you have also seen the confutations of 
it by algebra. 

B. I have seen some of them ; and have one by 
me. For there was but one that was rightly cal- 
culated, and that is it which I have kept. 

A. Yonr demonstration then is confuted though 
but by one. 

B. That does not follow. For though an arith- 
metical calculation l>e true in numbers, yet the same 
may be, or rather must be false, if the units be not 
constantly the siime. 

A. Is their calculation so inconstant, or rather 
m foolish as you make it r 

B. Yes. For the same number is sometimes so 
many lioes, sometimes so many planes, and some- 



,p. VIII. times so many solids; as you shall plainly see, i 
'JT^ you will take the pains to examine first a demon- 
hm. at stration I have to prove the said duplication, and 
IV cuIn, aftiT that, the algebraic calculation which is pre- 
teuded to confute it. And not only that this one 
Ls false, but also any other arithmetical account 
used in geometry, unlejis the numbers be always so 
many lines, or always so many superficies, or al- 
ways 80 many solids. 

A. Let me see the geometrical demonstration. 
IS, There it is. Read it. 



TO FIND A CUBE DOUBLE TO A CUBE GIVEN : 

Let the side of the cube piven be V D. Produce 
V D to A, till A D be double to D V. Then make 
the square of A D, namely A B C O. DiWde A B 
and C D iu the middle at E and F. Draw E F. 
Draw alsi) AC cuttiug K F in I. Then iu the sides 
B C and A O take B K and A S, eaeli of them equal 
to A I or I C. 

Lastly, divide S D in the middle at T, and upon 
the centre T, with the distance T V, describe a 
semi-circle cutting A D iu Y, and D C hi X. 

I say the cube of D X is double to the cube of 
D V. For the three Imes D Y, D X, D V are iu 
conlinunl proportion. And continuing the semi- 
circle V X Y till it cut the line R. S, drawn and 
produced in Z, the line S Z will be equal to D X. 
And drawing X Z it will pass through T. And the 
four lines T V, T X, T Y and T Z wiU be equal. 
And therefore joining Y X and Y Z, the figure 
VX Y Z will be a rectangle. 

Produce CD to P so as D P be equal to A D. 
Now rf Y Z produced fall on P, there will be three 
rectangle equianglcd triangles, D P V, 1) Y \, and 
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DX Y; and conseqiientlv four roiitinunt proportio- chap, viii 

jals D P, D Y, D X, and D V, wlu-reof I) X is tlie ^ZZ^ 

wist of the means. And therefore the cube of p«*i«^'« 

D X will be double to the cube of D V. «*uwouLq. 

A, That is true ; and the cube of D Y will be 
double to the cube of D X ; and the cube of D P 
doable to the cube of D Y. But that Y Z produced, 
falls upon P, is the thing they deny, and which you 
ought to demonstrate. 

B. If YZ produced fall not on P, then draw 
PY, and from A' 1ft fall a ]>erpendicular upon P Y, 
suppose at u. Divide P V iu the midst at (7, and 
join « ; which done a n will be equal to n V or 
a P. For because V « P is a right an^le, the point 
II will be iu the semi-circle whereof P V is the dia- 
meter. 

Therefore drawing V U, the angle « V R will be 
n right angle. 

A. Wliy so :- 

B. Because T V and T Y are equal ; and T D, 
TS equal; S Y will also be equal to DV. And 
because DP and RS are equal mid parallel, RY 
will be equal and parallel to P V. And therefore 
V R and P Y that join them will be equal and pa- 
rallel. And the angles P m V, R V « will be alter- 
nate, and consequently equal. But P k V is a right 
angle ; therefore also R V m will be a right angle. 

A. Hitherto all is evident. Proceed. 

B. From the point Y raise a perpendicular cut- 
ting V R wheresoever in i^ and then (because P Y 
and V R are parallel) the angle Y / V will be a 
right angle. And the figure « Y / V a rectangle, 
and u / equal to Y V. But Y V is equal to Z X ; 
and therefore Z X is equal to u /. And u t must 
pass through the point T (for the diameters of any 
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AP-Tiii.recta!igle divide each other in the middle), thcre- 
forif Z and u arc the same potiit, aud X and f the 
same point Therefore Y Z produced falls upon P. 
And D X is the lesser of the two means between 
A D and D V. And the cube of D X double to the 
cube of D V, which was to be demonstated. 

A. I cannot imagine what fault there can be in 
this demonstration, and yet there is one thing 
which seems a little 8tranE;e to me. And it is this. 
You take Bil, which is half the diagonal, aud 
which is the sine of forty-five degrees, and which 
is also the mean proportional between the two ex- 
tremes ; and yet you bring none of these proprie- 
ties into your demonstration. So that though you 
argue from the construction, yet you do not argue 
from the cause. And this perhaps your adversaries 
will object, at least, agaiust the art of your demou- 
siration, or enquire by what luck you pitched upon 
half the diagonal for your foundation. 

B. I see you let nothing pass. But for answer 
you must know, that if a man aipie from the nega- 
tive of the truth, though he know not that it is the 
truth which is denied, yet he will fall at last, after 
many consequences, into one absurdity or another. 
For though false do often produce truth, yet it pro- 
duces also absurdity, as it bath done here. But 
truth produccth nothing but truth. Therefore in 
demonstrations that tend to absurdity, it is no good 
lagic to require all along the operation of the 
cause. 

A. Have you drawn from hence no corollaries r 
JB. No, 1 leave tliat for others that will ; unless 
you take this for a corollarj*, that, what aritbmeti- 
col calculation soever contradicts it, is false. 
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.'1. Let me sec now the olgebraicnl demonstration chap. vm. 
against it. 

B. Here it is ; 
Let A B or A D be equal to . . . 
Then D F or D V is equal to ... I 
And B II or A 8 is equal to the square root of 2 
And D Y equal to 3 

want the sqnare root of . . . 2 

The cube of A B is equal to ... 8 
TTie cube of D Y is equtil to ... 45 

want the square root of 1682 that is 

almost equal to 4 

Tor 45 wont the square root of 16fll is 

equal to . . . . . 4 

Therefore D Y' is a little less then the greater of 
the two means between A D and D V. 

.4, There is I see some Utile diiferenne between 
this arithmetical and your geometrical demonstra- 
tion. And though it be insensible, yet if his cal- 
culation be true, yours must needs be false, which 
I am sure cannot be. 

B. His calculation is so true, that there is never 
a proposition in it false, till he come to the concln- 
Bon, that the cube of D Y ia equal to 45, want the 
square root of 1682. But that, and the rest, is 
false. 

A. I shall easily see that A D is cert^ly 2, 
whereof D V is I, and A V is certainly 3, whereof 
D V is 1 . 

li. lUght. 

A. And B R is without doubt the square root 
of 2. 

n. Why, what is 2? 

A, 2 is the line A I) as being doable to V 
which is t . 
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B. And so, the Uue B U is tbe square root of the 
line A D. 

A, Out upon it, it is absurd. Why do you grant 
it to be true in arithmetic ? 

ft. In arithmetic the numbers consist of so many 
units, and arc never considered there as nothings. 
And therefore every ooe line has some latitude, 
and if you allow to B I, the semi-diagonal, the same 
latitude you do to A B, or to B R, you will quickly 
see the square of half the diagonal to be equal to 
twice the square of half A B. 

A. Well, but then your demonstration is not 
confuted ; for the point Y will have latitude enough 
to take in that little diflFerence which is between the 
root of 1681 and the root of 1682. Tliis putting 
off an unit sometimes for one line, sometimes for 
one square, must needs mar the reckoning. Again 
he says, the cube of A B is equal to S ; but seeing 
A B is 2, the cube of A B must be just equal to 
four of its own sides ; so that the unit which was 
before sometimes a line, sometimes a square, is 
now a cube. 

B. It can be no otherwise when you so apply 
arithmetic to geometry, as to number the lines of 
a plane, or the planes of a cube. 

A. Id the next place, I find that the cube of 
D Y is equal to 45, want the square root of 1682. 
What is that 46 ? Lines, or squares, or cubes ? 

B. Cubes ; cubes of D V. 

A. Then if you add to 45 cubes of DVthe square 
root of 1 682, the sum will be 45 cubes of D V ; and 
if you add to the cube of D Y the same root of 1 682, 
the sum will be the cube of D Y, plus the square 
root of 1682, and these two sums must be equal. 



B. They must so. chap.vih, 

A. But the square root of I6R2, Iieing a line, ^.^ x^wmb 
adds nothing to a cube; therefore the cube alone I'^wnu.-r 
of D Y, which he says is equal utmost to 4 cubes uiih»«ato. 
of D V, is equal to 45 cubes of the same D V. 

B, All these impossibilities do necessarily follow 
the confounding of arithmetic and geometry, 

A* I pray you let me see the operation by which 
the cube of D Y (that is, the cube of 3. want the 
root of 2) is found equal to 45, want the square 
root of IG82. 

B. Here it is, 

k DCTBCTION OP THK ABSURD USE OP ARITHMETIC AS IT 
IS NOW APPLIED TO GEOMETRY. 

3 -^2 

3 '2 



— */|8 +2 
9 '18 

9_V72 +2 
3—^/2 

—V 162+12—^8 
2/ '648+ 6 

27— v^ 658— v' 1 62 + 1 8—,/ 8 



A. Why for two roots of 18 do you put the root 
of 72. 

B. Because 2 roots of 1 8 arc equal to one root 
of four times 18, which is "2 

A. Next we have, tluit tlie root of 2 multiplied 
iaio 2 makes the root of 8, How is that true r 

R. Does it not make 2 roots of two f And is 
not B R the root of 2, and 2 B R equal to the dia- 

VOL. VII. r 



. viii. gonal i And is not the square of tlie dlagoual equal 
iiThJe ^° ^ squares of D V r 

nuM .-I. It is tme. But here the root of 8 is put for 
tub*, the cube of the root of 2. Can a line be equal to 
a cube ? 

B. No. But here wc are in arithmetic again, 
and 8 is a cubic number. 

A. How does the root of 2 multiplied into the 
root of 72 make 12? 

li. Because it makes the root of 2 times 72, that 
is to say the root of 144 which is 12. 

A. How does 9 roots of 2 make the root of 162 ? 

B. Because it miike.s the root of 2 squares of 9, 
that is the root of lf>2. 

A, How does 3 roots of 72 make the root of 
648? 

li. Because it makes the root of 9 times 72, that 
is of 64 8. 

A. For the total sum I see 27 and 18, which 
make 45. Therefore the root of 648 together with 
the root of 162 and of 8, which are to be deducted 
from 45, ought to be equal to the root of 1682. 

n. So they are. For 648 multiplied by 162 
makes 104976, of which the double root is 648 
and 648 and 162 added together make . . 810 
Tiierefore the root of 648, added to the root 

of 162, makes the root of . . . 1458 
Again 1458 into 8 is 11664. The double 

root whereof is 216 

The sum of 1458 and 8 added together . 1466 
Tlie sum of 1466 and 216 is 1682, and the 

root, the root of .... . 1682 

A. I see the calculation in numbers is right, 
though false in lines. The reason whereof can he 
no other than some difference between multiplying 
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numbers into lines or planes, and muUipying lines chap. riii. 
into the same lines or planes. ~;^' * 

B. The difference is manifest. For when you ptuivnto* 
multiply a number into lines, the product is lines ; of'|ii'/^b^ 
as the number 2 multiplied into 3 lines is no more 
than 3 lines 2 times told. But if you multiply 
lines into lines you make planes, and if you multi- 
ply lines into planes you make solid bodies. In 
geometry there are but three dimensions, lengths, 
superficies, and body. In arithmetic there is but 
one, and that Is number or length which you will. 
And tliongh there be some numbers called plane, 
other solids, others piano-solid, others square, 
others cubic, others square-square, others quadrato- 
cubic, others eul>i-cubic, &c., yet are all these but 
one dimension, namely number, or a file of things 
Dumbered. 

A. But seeing this way of calculation by num- 
bers Is so apparently false, what is the reason tliis 
calculation came so near tl»e truth ? 

B, It is because in arithmetic units are not 
aolhiugs, and therefore have breadth. And there- 
fore many lines set together make a superficies 
though their breadth be insensible. And the 
greater the number is into which you divide your 
line, the less sensible will be your error. 

A. Archimedes, to find a straight line equal to 
the circumference of a circle, used this way of 
extracting roots. And it is the way also by which 
the table of sines, secants, and Uingents have been 
calculated. Arc they all out ? 

B. As for Archimedes, there is no man that does 
more admire him than I do : but there is no man 
that cannot err. His reasoning is good. Bat he. 
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as all other geometriciaus before and after bim, 
have had two principles that cross one another 
when they are applied to one and the same scienre. 
One U, that a point is no part of a line^ wliich is 
true in geometry, where a part of a line when it is 
called a point, is not reckoned ; another is, that a 
unit is part of a number ; which is also true ; but 
■when they reckon by arithmetic in geometry, there 
B unit is sometimes part of a line, sometimes a part 
of a squiuv, and sometimes part of a eube. As for 
the table of sines, secants, and tangents, 1 am not 
the first that find fault with them. Yet I deny not 
but they ore true enough far the reckonuig of 
acres in a map of land. 

A. What a deal of labour has been lost by them 
that being professors of geometry have read nothing 
else to their auditors but such stuff as this you 
have here seen. And some of them have WTittcn 
great books of it in strange characters, such as in 
troublesome times, a man would suspect to be a 
cypher. dj 

It. I think you have seen enough to satisfy you, 
that what I have written heretofore concerning the 
quadrature of the circle, and of other figures made 
in imitation of the parabola, has not been yet 
confuted. 

A. I sec you have wrested out of the hands of 
our antagonists this weapon of algebra, so as they 
can never make use of it again. Which I consider 
as a thing of much more consequence to the science 
of geometi'y, than eitlier of the duplication of the 
cube, or the finding of two mean proportionals, or 
the quadrature of a circle, or all these problems 
put together. 

FINIS. 
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CHAPTRR I. 

OF THE ORIGINAL OF NATURAL PlMLOSOriiy. 

J. I UAVK heard exceeding highly commended chap, l 
a kind of thing wiiich I do not. well uudcrstaud, nf^^n^ 
ibouKb it be mach talked of, bv such as have uot"^"""'^'!''* 
Otherwise much to do, by the name of philosophy ; 
and the same again by otliers as mti<;h despised 
jutd derided : so that 1 eamiot tell whether it bo 
good or ill, nor what to make of it, though 1 see 
many other men that thrive by it. 

B. I doubt not, but what so many do so highly 
praise must be very admirable, and wiiat is derided 
and scorned by irniny, ftiolish and ridiculous. The 
honour and scorn falleth tinally not upon phiio- 
H>pby, but upon the professors. Philosophy is /At' 
(•iiowlrdffr of natural causes. And there is no 
knowledge but of truth. And to know the true 
oaus-es of things, was never in contempt, but in ad- 
miration. Scorn can never fasten upcm truth. Rut 
the difference is ali in Llie writers and teachers. 
Whereof some have neither studied, nor care for 
it, otherwise than as a trade to maintain themselves 
or gain preferment ; and some for fashion, and to 
make themselves fit for ingenious company : and 
their study hath not been meditation, but acquies- 
cence in the authority of those authors whom they 
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CHAP. 1. have heard commended. Aud some, but few, there 
wtt-^^n.! ^^» *''^^ \i^ve studied it ft>r tmriosity, and the de- 
rfMwrf pfci- light which commonly men have m the acquisition 

of science, and in the mastery of difficult and sub-ji 
til docrines. Of this last sort I count Aristotle, 
and a few others of the ancients, and some few mo- 
dems : and to these it is tlmt properly belong the 
praises which are pven to philosophy. ^| 

A. If I have a mind to study, for example natu- 
ral philosophy, must I then needs read Aristotle,H| 
or some of those that now are in request ? fl 

B. There is no necessity of it. But if in your 
own meditation you Iiu;ht upon a diilicidty, I think 
it is no loss of time, to enquire what other men 
say of it, but to rely only ufwu reason. For though 
there be some few effects of nature, especially con- 
ceniing the heavens, whereof the j)hilusophers of 
old time have assigned very rational causes, such 
as any man may acquiesce in, as of eclipses of the 
sun and moon by long observation, and by the cal- 
culation of their visible motions ; yet what is that 
to the numberless and ([uotidinii phenomena of na- 
ture ? Who is there amongst them or their suc- 
cessors, tliat has satisfied you with the causes of 
gravity, heal, cold, light, sense, colour, noise, rain, 
snow, frost, winds, titles of the se^i, and n thousand 
Other things which a few men's lives are too short 
to go through, and which you and other curious 
spirits admire (as ([uotidinii as they are), and fain 
would know the causes of them, but shall not find 

aem Ju the books of naturalists ; and when you ask 

vhat are tlie causes of any of them, of a philo- 

onher now, he will put you off with mere words ; 

h words, examined to the bottom, signil'y not 




a jot more than I cannot tell, or because it is : chap. i. 
iMch a.s are intrinsical quality, occult quality, „\^'. ~^ 
ejrmpatby, antipathy, antiperistasis, and the like, o* n-iawi i*i- 
^Miich pass well enoug;h with those that care not '* 
inui'h for sucli wisdom, though wise enough in their 
own ways; but will not pass with you that ask not 
simply what is the cause, but iu what manner it 
L-omes about that such effects are produced. 

A. That is cozening. Wiat need had they of 
that? When began they thus to play the char- 

B. Need had they none. But know you not 
that men from their very birth, and naturally, 
scramble for every thing they covet, and would 
have alt the world, if they could, to fear and obey 
them ? If by fortune or industry one light upon a 
secret in nature, and thereby obtain the credit of 
an extraordinary knowing man, should lie not 
make use of it to his own benefit r There is scarce 
one of a thousand but would live upon the chaises 
of the people as far as he dares. What poor geo- 
metrician is there, but takes pride to be thought a 
conjurer • What mountebank would not make a 
living out of a false opinion that he were a great 
physician ? And when many of them are once en- 
gaged in the maintenance of aii error, they will join 
together for the saving of their authority to decry 
the tnith. 

A. I pray, tell me, if you can, how and where 
the study of philosophy first began. 

B. If we may give credit to old histories, the 
first that studied any of the natural sciences were 
the astronomers of Ethiopia. My author is Dio- 
dorus Siculus, accounted a very faithful writer. 
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, who bc^ius his fatstor)' as hij^h as is possible, and 

' tells us that in Ethi(}]>ia were the first astronomers ; 

pw- and that for their predictions of eclipses, and other 
conjunctions and aspects of the planets, they ob- 
tained of their king^ not only towiis and fields to a 
third part of the whole land, but were also in such i 
veneration with the people, that they were thought fl 
to have discourse with their gods, which were the ' 
stars ; and made tlieir kings thereby to stand in 
awe of them, that they dui-st not either eat or drink i 
but what and when they prescribed ; no nor live, fl 
if they said the gods commanded them to die. 
And thus they continued in subjection to their 
false prophets, till by one of their kings, tyUled i 
Krgamenes, (about the time of the Ftotemies), theyfl 
were put to the sword. But long before the time 
of Ergamenes, the race of these astnilogers (for 
they had no disciples but their own children) was 
so numerous, that abundance of them (whether 
sent for or no I cannot tell) tr!Ltis[)lauted them- 
selves into Kgypt, and there also had their cities 
and lands allowed them, and were in request not 
only for astronomy and astrology, but also for geo- 
metry. And Rgypt was then as it were an univer- 
sity to all the world, and thither went the curious 
Greeks, as Pythagoras, Plato, Thales, and otliers, 
to fetch philoso]ihy into Greece. lint long before 
that time, abundance of theui went into Assyria, 
and had their towns and lauds assigned them also 

^^ere; and were by tlie Hebrews called Clmldeea. 

■ A. Why so? 

^^ B. t cannot tell ; but I find in Martiuius's Lexicon 
tliey are called Chasdim, and Chesdim, and (as he 
litli) from one Chesed the son of Nachor; but 1 
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find no surli man a« Chettt^d amoiigat the issue of chap. i. 
Noah in the scripture. Nor do I find that there ,^^^_' "'^ 
was any certain country called Cbaldcea; though a-r i»iiii»i >«■ 
town where any of them inhabited were called a 
towu of the Chaldces. Martiuius saith farther, 
tbat the same word Chasdim did signify also 
Demons. 

A, By this reckoning I should conjecture they 
were called Chusdim, as being a race of Ethioi>ians. 
For the land of Chus is Ethiopia ; and .so the name 
d^euerated first into Chuldim, and then into 
C^aldim ; so that they were such another kind of 
peojile as we call ^ijwies ; saving that they were 
admired and feared for their knavery, and the 
^psies counted rogues. 

/i. Nay pray, except Claudius Ptolomaeus, author 
(pf that great work of astrouumy, the Alniegest. 

A. I grant he wa.<^ excellent both in astronomy 
and geometry, and to be commended for his Alme- 
gesi ; but then for his Judiciar Astroltigie annexed 
to it, be ii again a gipsy. But the Greeks tliat 
travelled, yon say, into Kgypt, what philosophy 
did they carry home ? 

B. The mathematics and astronomy. But for 
that sublunary physics, which is commonly called 
natural philosophy, I have not read of any nation 
that studied it earlier thau the Greeks, from whom 
it proceeded to the Ilomans. Yet both Greeks and 
Romans were more addicted to moral than to 
natural philosophy ; in which kind we have their 
writings, but loosely and incoherently, wTitten upon 
uo other principles than their own passions and 
{iresumptions, without any respect to the laws of 
commonwealth, which are the ground and measure 
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. of all true morality. So that their books tend rather 
oTuworigin"! ^^ teach men to censure than to obey the laws ; 
«r numi pw- which has been a great hindrance to the peace of 
the westijm world ever since. But they that seri- 
ottsly applied themselves to natural philosophy 
were but few, as Plato and Aristotle, whose worlw 
we have ; and Epicurus whose doctrine we have 
in Lucretius. The writings of Philolaus and many 
other curious students being by fire or nea:li,^enc€ 
now lost : though the doctrines of Philolaus con- 
cerning the motion of the earth have l>een revived 
by Copernicus, and explained and confirmed by 
Galileo now of late. 

A . ftut methinks the natural philoisophy of Plato, 
and Aristotle, and the rest, should have been culti- 
vated aud made to flourish by their disciples. 

D. Whom do you mean, the successors of Plato, 
Epicurus, .\ristotle, and the other first philoso- 
phers r It may be some of them may have been 
learned and worthy men. But not lon^ after, and 
down to the time of our Saviour aud his Apostles, 
they were for the most part a sort of needy, igno- 
rant, impudent, cheating: fellows, who by the pro- 
fession of the doctrine of those first philosophers 
got their li\-ing. For at that time, the name of 
philosophy was so much in fashion aud honour 
amongst great persons, that every rich man had a 
philosopher of one sect or another to be a school- 
ma.su?r to his children. And these were they that 
feigningChrislianity, with their disputing aud readi- 
ness of talking got themselves into Christian com- 
mons, and brought so many heresies into the 
primitive Church, every one retaining still a tang 
of what they bad been used to teach. 
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A, Bat those heresits were all coudemned in the chap. i. 
first Cumicil of Nice. ^ oTL^a 

B. Ye«. But the .Arian heresy for a lonjr tiine"J ustuwi i>u- 
Sourished no less thau the llomau, and was upheld 
by divers Emperors, tuid never fully extinguished 
as long as there were Vandals in Christendom. 
Besides, there arose daily other sects, opposiug 
their phUosophy to the doctrine of the Councils 
conoemiug the divinity of our Saviour ; as how 
many persons he was, how many natures he had. 
And thus it continued till the time of C'harlemngnc, 
when he and Pope Len the third divided the power 
of the empire into temporal and spiritual. 

//. A very nnctpial division. 
B. Why ? Which of them think you had the 
greater share ? 

A. No douht, the Emperor : for he only had the 
sword. 

B. When the swords are in the hands of men, 
whether had you rather command the men or the 
swords f 

A. I understand you. For he that hath the 
bands of the men, has also the use both of their 
swor(ht and strength. 

B. The empire thus divided into spiritual and 
temporal, the freedom of philosophy was to the 
IKJwer spiritual very dangerous. And for that 
cause it behoved the PtijK; to get schools set up 
not only for divinity, but also for other sciences, 
especially for natural philosophy. Which when by 
the power of the Emjicror he had effected, out of 
the m^ixture of Aristotle's metajihysics with the 
Scripture, there arose a new science called School- 
divinity ; which has been the principal learning of 
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CHAP. I. these western parts from the time of Charlemagne 
,77"^ , till of very late. 

or ib<* ongisal ' 

ot i.ni.in.1 pu. A. But I find not in. any of the writings of the 
Schoolmen in what manner, from the causes they 
assign, the effect is naturally and necessarily pro- 
duced. 

li. You must not wonder nt that. For you en- 
quire not so muchy when you see a change of 
anything, what may be said to be the cause of it. 
aw how the same is generated ; which generation 
is the entire progress of nature from the efficient 
cause to the effect produced. Which is always a 
hard question, and for the most part impossible for 
a man to answer to. For the alterations of the 
things we perceive by our five senses are made by 
the motion of bodies, for the most part, either for 
distance, sraallness, or transparence, invisible. 

A. But what need had they then to assign any 
cause at all, seeing that they eonld not show the 
effect was to follow from it ? 

£. The Schools, as I said, were erected by the 
Poi>e and Emperor, but directed by the Pope only, 
to answer and confute the heresies of the philoso- 
phers. "Would you have them then betray their 
profession and authority, that is to say, their liveli- 
hood, by confessing their ignorance ? Or rather 
uphold the same, by putting for causes, strange 
and unintelligible words ; which might serve well 
enough not only to satisfy the people whom they 
relied on, but also to trouble the philosophers 
themselves to fin<l a fault in. 

A. Seeing you say that alteration is wrought by 
the motion of bodies, pray tell me first what I am 
to understand by the word body. 
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B. It is a hard question, though mo^it men think chap. i. 
ihey can easily answer it, nn that it is whatsoever ^j~ ^^~^, 
they can see, fenl. or take notice of by their senses. ••' "■''""' c'"- 
But if you will know indeed what is body, we most 
enquire first what there is that is not body. You 
hftve seen, I snppose, the effects of glasses, bow 
they multiply and magnify the object of our sight; 
as when a glass of a certain figure will make a 
counter or a shilling seem twenty, though you be 
well assured there is but one. And if you set n 
mark upon it, you will find the mark upon them 
all. The counter is certainly one of those things 
we call bodies : are not the others so too ? 

A. No, without doubt. For looking through a 
glass cannot make them really more than they arc. 

ft. Wliat then be they but fancies, so many 
fancies of one and the same tiling in several places } 

A, It is manifest they are so many idols, mere 
nothings. 

B. '\^^leD you have looked upon a star or candle 
with both your eyes, but one of them a little turned 
awry with your finger, has not there appeared two 
stars, or two candles i And though you call it a 
deception of the sight, you cannot deny but there 
were two images of the object. 

A. It Is true, and observed by all men. And the 
same I say of our faces seen in looking-glasses, 
and of ail dreams, aiul of ;dl apparitions of dead 
men's ghosts ; and wonder, since it is so manifest, 
1 never thought: upon it before, for it is a very happy 
encounter, and such as being by everybody well 
understood, would utterly destroy both idolatry 
and superstition, and defeat abundance of knaves 
I that cheat and trouble the world with their devices. 



CBAr. I. •^' But you must not bence conclude that who- 
"^ — ' — ' soever tells his dream, or sometimes takes his 

Of tlw wigiiwl 

•r Htorai ptB- direction from it, is tberetbre an idolater, or t^uper- 
*~~*^ stitioos, or a cheater. For God doth oilen ad- 
mouish meu hy dreaiiu of whut they ought lo do ; 
yet meu must Ik wary in tliis va»& that they trui>t 
not dreams witli the conduct of their lives farther 
than by the laws of their country is allowed : for 
you know what God says, Deut. xiii : ]J'a propiiei 
or a tirrnmer of dreams ^ire thee a sign or a icon- 
der^ and the sign come to pans, ifef if he bid thee 
gerve other Gods let kim be put to death. Here by 
ser\'iu^ other Gods (since they have chosen God 
for their King) we arc to understand revoltiug from 
their Kin^, or disobeying: of his laws. Otlien%ise 1 
see no idolatry nor superstition iu followiug* a 
dream, as many of the Patriarchs in the Old Testa- 
ment, and of the Saints in the New Testament did. 

A. Yes : their owTi dreams. But when another 
man shall dream, or say that he has dreamed, and 
require me to follow that, he must pardon me if I 
ask him by ^^hat authority, especially if he look I 
should pay him for it. 

B. But if commanded by the laws you live 
onder, you ou^bt to foUow it. But when there 
proceed from one sound divers echoes, what are 
those fchoi'ji r And when with fingers crossed you 
touch a small bullet, and think it two; and when the 

me herb or flower smeUs well to one and ill to 

otherc and the »uiie at several times, w ell and ill to 

.rself, and the like of tastes, what arc those 

>es« feelings, odours, and tastes } 

. It IS manifest they are all but fancies. Bat 

inly when the sun seems to my eye no bigger 
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than a dish, there is behind it somewhere some- chap. i. 
what else, 1 suppose a real sun, which creates those „,"|^_ 
fancies, by working, one way or other, upon my orn^irf"^ 
eyes, and other organs of my senses, to cause that ' 
diversity of fancy. 

fi. You i-ay right ; and that is it I mean by the 
word body, which briefly I define to be any thing 
that hath a being in itself, without the help of sense. 

A. Aristtitle, I think, meaneth by body, su/t- 
KtaucCj or sulfjectum, wherein colour, sound, and 
other fancies arc, as he says, inherent- For the 
word essence has no affinity with substance. And 
Seneca says, he understands it not. And uo won- 
der : for essence is no part of the language of man- 
kiud, but a word devised by philosophers out of 
the copulation of two names, as if a man having 
two hounds could make a third, if it were need, of 
their couples. 

B. It is just so. For having said in themselves, 
(for example) : a tree is a piant, and conceiving 
well enough what is the signification of those 
namei), knew not what to make of the word f>, that 
cooplcs those names ; nor daring to call it a body, 
they called it by a new name (derived from the 
word est), esxe»tia,ni\i\ xHbifttn/ia, i\ect:\ved by the 
idiom of their own language. For in many other 
tongues, and namely in the Hebrew, there is no 
soch copulative. They thought the names of things 
sufficiently connected, when they are placed in their 
natural consequence; and were therefore never 
troubled with essences, nor other fallacy from the 
copulative est. 
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CHAPTER II. 



OF THE PRINCIPLES AND METHOD OP NATURAL 
PHILOSOPHY- 
CHAP. II. ^' Tnis history of the old philosophers has not 
oftwr^...'ipu P^^ ^^ ^^^ ^^ \o\e^ but out of hope of philosophy 
»d«MWi"f firom ally of their writings. I would therefore try 
wrkjr. if I could attain any knowledge therein by my on-n 

mcditntion: but I know neither where to begin, 
nor which way to proceed. 

B. \our desire^ you say, is to know the causes 
of the effects or phenomena of nature ; and you 
confess they arc fancies, and, conscqucutly, that 
Uicy are iu yourself; so that the causes you seek 
for only are without you, and now you would know 
how those external bodies work upon yon to pro- 
duce those phenomena. The beginning therefore 
of your enquiry ou^ht to be at ; if'Iiat it uytmcall 
a camsf ^ I mean an efficient catise : for the philo- 
sophers make four kinds of causes, whereof the 
efficient is oue. .Another they call the formal 
cause, or simply the form or essence of the thing 
OHsed ; as when they say, four equal angles and 
four equal sitle» are like OMtse of a square figure ; 
or that heaviness is the cause that makes heary 
< to descend ; but that is not ibe caose you 
, nor any thing but this : li dlraeradV be- 
rf M Cmrfi. The third is the material cause, 
tbey say. the waits and roof, &c. at a house 
use of a bovse. TV foixztk k ike final 
hath pboe only in wtonH fhJhwnphy. 
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A. We will think of final causes upon some other chap, ii. 
occasion ; of formal rmd material not at all : I seek ' " , . 

or ihB Iiriiidjilr 

only the eflieient, and how il ueteth from the be- u-i nwthod «r 
ginning to the prodaction of the effect. ^^, ^^ 

H. I say then, that in the first place you are to 
enquire diligently into the nature of motion. For 
the variations of fancies, or (winch is the same 
thing) of the phenomena of nature, have all of 
them one universal efficient cause, namely the va- 
riety of motion. For if all things in the \^-orld 
were absolutely at rest, there could I>e no variety 
of ^cy ; but Hung creatures would be without 
leuse of all objects, which is little less than to be 
dead. 

.1. What if a child new taken from the womb 
diould w ith oj>en eyes be exi>osed to the azure sky, 
do not you think it would have some sense of the 
Ught, but that all would seem nnto him darkness? 

B. Truly, if he had no memory of any thing for- 
merly seen, or by any other sense perceived, (which 
is my supposition), I think he would be in the 
(tark. For darkness is darkntiss, whether it be 
black or blue, to him that cannot distintruish. 

^. Howsoever that be, it is evident enough that 
wtiatsoever worketh is moved : for action is motion. 

ii. HaWng well considered the nature of motion, 
ytvu must thence take your pruiciples for the foun- 
dadou and begiimiug of your enquiry. 

A. As how r 

B. Explain as fully and as briefly as yon can 

tllliat you rouAtantly mean by motion ; which will 
bvi; yourself as well as others irom being seduced 
by equivocation. 
A. Then t say, motion is notliing but change of 
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CRAP. II, place for all the effect of a body upon the organs 
oriim - d i« **^ ^^^ senses is nothing but fancy. Therefore we 
and ntotod or call faucv nothing from seeing it moved, but change 

nntundpluto- j- , 

tuph;. 01 ])lace. 

B. It is right. But you must then tell me also 
what you understand l)y place : for all men, are not 
yet agreed on that. 

A. Well then : seeing we fancy a body, we can- 
not but fancy it somewhere. And therefore I think 
place is the fancy of here or there. 

B. That is not enough. Here and there are not 
understood by any but yourself, except you point 
towards it. Hut pointing is no part of a definition. 
Besides, though it help him to find the place, it 
will never bring him to it. 

A. But seeing sense is fancy, when we fancy a 
body, we fancy also the figure of it, and the space 
it fills up. And then I may define place to be the 
precise space within which the body is contained. 
For space is also part of the image we have of the 
object seen. 

B. And how define you time ? 

A. As place is to a body, so, 1 think, is time to 
the motion of it ; and consequently 1 take time 
to Ik; our fancy or image of the motion. But is 
there any necessity of so much niceness r 

B. Yes. The want of it is the greatest, if not 
the only, catise of all the discord amongst philo- 
sophers, OS may easily be perceived by their abusing 
and confounding the nanies of things that differ in 
their nature ; as you shall see when there is occa- 
sion to recite some of the tenets of divers philo- 
sophers. 

A, I will avoid equivocation as much as I can. 



And for the nature of motion, I suppose I under- cmat. ii, 
stand it by the definition. What is next to be "T"' — '. 
done .' aod nutiBd «r 

Ii. You are to draw from these definitions, and ^Ij. ^^ 
from whatsoever truth else you know by the light 
of nature, such general consequences iis may serve 
for axioms, or principles of your ratiocination. 

A. That is liard to do. 

B. I will draw them myself, as many as for our 
present discourse of natural (muses we shall have 
need of; so that your part will be no more than to 
take heed I do not deceive you. 

A, I will look to that. 

B. My first axiom then shall be this : Two 
bodies, at the same time, canuot be in one place. 

A. That is true: for we number bodies as we 
fancy them distinct, and distiuguisli them by their 
places. You may therefore add : nor one body 
at the same time in two places. And philosophers 
mean the sjime, when they say : there is no pene- 
tration of bodies. 

B. But they understand not their own words: 
for ptuietration signifies it not. My second axiom 
is, that nothing can begin, change, or put an end 
to, ite own motion. For supposing it begin just 
now, or being now in motion, change its way or 
stop ; I require the cause why iu)W rather than be- 
fore or after, having all that is necessary to such 
motion, change, or re-st, alike at all times t 

A. I do not doubt but the argument is good in 
bodies inanimate ; but jierhaps in voluntary agents 
it does not bold. 

B. How it holds in voluntary agents we will 
then consider when our method bath brought us to 




CHAP. 11. the powers and passions of the mind. A third 

ortho imdpio. *^^**"* ^^^^* ^® this : whatsoever body bcin^ at 

and nvihod of rcst IS aftcrwards moved, hath for its immediate 

'Li*if. ** movement some other body which is iu motion and 

toucheth it. For, since nothing can move itself, 

the movent must be external. And because motiim 

is chauf;e of place, the movent must put it from 

its place, which it cannot do till it touch it. 

A. That is manifest, nud that it muHt more than 
touch it ; it must also follow it. And if more parts 
of the body are moved than are by the movent 
touched, the movent is not immediate. And by 
this reason, a continued body, though never so 
l^eat, if the first superficies be pressed never so 
little bade, the motion will proceed through it. 

/i. Do you think that to be impossible? I will 
prove it from your own words : for you say that 
the movent does then touch the body which it 
moveth. Therefore it puts it back ; but that which 
is put back, putfi back the next behind, and that 
again the next; and so onward to any distance, 
the body beinp; eontinuexl. The same is aKso mani- 
fest by experience, seeing one that walks with a 
staff can distinguish, though blind, between stone 
and glass ; which were impossible, if the ports of 
bis staff between the grouud aud his baud made 
no resistance. So also he that in the silence of the 
night lays his car to the ground, shall hear the 
treading of men's feet farther than if he stood 
upright. 

A. This is certainly true of a staff or other bard 
body, because it keeps the motion in a straight 
line from diffusion. But in such a fluid body as 
*Hc air, which being put back must fill an orb, and 



the farther it is put back, the greater orb, the mo- chap. t\. 
tion will decrease, and in time, by the resistance , ' , ' ' 
of air to air, come to an end. •n^mcUwa. 

B. That any body in the world is absolutely at iopi.,r 
rest, I think not true : but I gjant, that in a space 
filled everywhere with body, though never so flnid, 
if you give motion to any part thereof, that motion 
will by resistance of the parts moved, grow less 
tnd less, and at last cease ; but if you suppose the 
space utterly void, and nothing in it, then whatso- 
ever is once moved shall go ou eternally : or else 
that which you have granted is not true, viz., that 
uothiiij^ can put au eiul to iLs own motion. 

A. Bat what mean you by resistance ? 

ll. Resistance is the motion of a body in a way 
wholly or partly contrary to the way nf its movent, 
and thereby repelling or retarding it. As when a 
man nms swiftly, he shall feel the motion of the 
air in his face. Hut when two hard bodies meet, 
much more may you see how they abate each other's 
motion, and rebound from one another. For in a 
space already full, the motion cannot, in an instant, 
be communicated through the whole depth of the 
body that is to be moved. 

A. l^Tiat oilier definitions have I need of? 

.fi. In all motion, as in all quantity, you must 
take the bcgiuning of your reckoning from the 
leni>t supput>ed motion. And this I call the lirst 
endeavour of the movent; which endeavour, how 
weak soever, ia also motion. For if it have no effect 
at all, neither will it do nnythiug though douliled, 
trebled, or by what uumber soever multiplied : for 
nothing, though multiplied, is still nothing. Other 




CHAP. II. axioms niiil defiiiitions we will take in, as we need 

' ' tliein, !)v the wnv. 
Ma»*UH»4<>t A. Is this all the preparation I am to make f 
■Mtun) piui» y^ ^^^ j.^^j ^^^ ^Q consider also the several kinds 

and properties of motion, viz., when a body being 
moved by one or more movents at once, in what 
way it is carried, straight, circular, or otherwise 
crooked ; and what degree of swiftness ; as also 
the action of the movent, whether trusion, vection, 
percmsion, reflection, or refraction ; and farther 
you most furnish yourself with as many experiments 
(which they call phenomenon) as yon can. And 
supposing some motion for the cause of your 
phenomenon, try, if by evident consequence, with- 
out contradiction to miy other manifest truth or 
experiment, you can derive ibc cause you seek for 
fiYim your supposition. If yon can, it is all that is 
e\)>ected, as to that one question, from philosophy. 
For there is no effect in nature wbicb the Author 
of nature cannot bring to pass by more ways than 
one. 

A, ^^^lat I want of experiments yon mar supply 
out of your on~u store, or such natural history as 
you know to be true ; though I can be viell con- 
tent witb the knowledge of the causes of those 
thii^ which everybody sees conunonty prodoced. 
Let us therefore now enquire the cause of some 

tsct particular. 

We will besrin with thai whidi b the most 

Tsal, the uniwrse; and enquire in the first 

if any pbce be abnlnCely empty, that is to 

the ba^vsge oTpkanRiphcr^ wbe^er there 

wcunm IB naton f 




A. It is hare! to suppose, and harder to believe, 
thai the iufinitc and omnipotent Creator of all 
things should make a work so vast as is the world 
we see, and not leave a few little spaces with 
nothing at all in them ; which put jUtogelher ia 
respect of the whole creation, would be insensible. 

B. Why say you that? Do you think any 
orgnmeut can be dmwn from it to prove there is 
Tnciuim r 

-'1. Why not r For in so great an agitation of 
natural bodiea, may not some small parts of them 
be cast out, and leave the places empty from 
whence they were thrown ? 

B. Because He that created them is not a fimcy, 
but the most real substance that is ; who being 
infinite, there can be no place empty where He is, 
nor full where He is not. 

A. It is bard to answer this argument, because 
I do not remember that tliere is any ar^^iment for 
the maintenance of vacuum in the writings of di- 
vines : therefore I will quit that argument, and 
come to another. If you take a glass vial with a 
narrow neck, and having sucked it, dip it presently 
at the neck into a basin of water, you shall mani- 
festly sec the water rise into the vial. Is not this 
a certain sign that you had sucked out some of the 
air, and consequently that some part of the \ial 
was left empty ? 
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CHAP. III. B. No ; for when I am about to suck, and have 

or«ci«.<n *^''" *" ™y loo^^h* contracting my checks I drive 
the same against the air iu the glass, and thereby 
against every part of the sides of the hard glass. 
And this gives to the air within an endeavour out- 
ward, by whicli, if it be presently dipped into the 
water, it will penetrate and enter into it. For air 
if it be pressed will enter into any fluid, much 
more into water. Tlierefore there shall rise into 
the vial so much water as there was air forced into 
the basin. 

A. This I confess is possible, and not improbable. 

B. If sucking would make vacuum, what would 
become of those women that are nurses > Should 
they not be in a very few days exhausted, were it 
not that either the air which is iu the child's mouth 
penctrateth the milk as it descends, and passeth 
through it, or the breast is contracted f 

A, From what experiment can you evidently 
infer that there is no vacuum ? 

B. From many, and such as to almost all men 
are known and familiar. If two hard bo^es, flat 
and smooth, be joined together in a common super- 
ficies parallel to the horizoutal plane, you cannot 
without great force pull them asunder, if you apply 
your force perpendicularly to the common super- 
ficies : but if you place that common superficies 
erect to the horizou, they will fall asunder with 
their owu weight. From whence I ai^ue thus : 
since their contiguity, iu what posture soever, is 
the same, and that they cannot be pulled asunder 
by a perpeudicidar force without letting in the 
nmbient air iu an iustant, which is impossible ; or 
almost in an instant, which is difficult: and on the 
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other side, when the common superficies is erect, chap. hi. 
the w(;ight of the same hnrd bodies is able to 
break the contii^tiity, and let in the air successively ; 
it in manifest that the difliculty of separation pro- 
ceeds from this, that neither air nor any other body 
can be moved to auy, bow small soever, distance 
in an ini^taut -. but may easily be mo\'ed (the hard- 
ue&i at the sides once mastered) successively. So 
that the caase of this difficnilty of separation is this, 
that they cjuinot be parted except the air or other 
matter can enter and fill the si»aee made by their 
diremptiun. And if they were infimtely hard, not 
at all. And heucc also you may understand the 
cause why any hard body, when it is suddenly 
bmlten, is beard to crack ; which is the swift 
motion of the air to fill the space bcwcen. Ano- 
ther experiment, and commonly known, is of a 
Wrel of liquor, whose ta])hole is very little, and 
the huDfi; so stop])ed as to admit no air ; for then 
tlie liquor will not run : but if the tap-hole be lai^e 
it will, because the air pressed by a heavier body 
will pierce through it into the barrel. The like 
reason holds of a gardener's waterintr-pot, w hen the 
boles in the bottom are not too great. A third 
experiment is this : turn a thin brass kettle the bot- 
tom upwards, and lay it fiat upon the water. It 
will sink till the water rise within to u certain 
height, but no higher : yet let the bottom be jMsr- 
forated., and the kettle will be faW and sink, and 
the air rise again through the water without. But 
if a bell were so laid on, it would be filled and sink, 
though it were not perforated, because the weight 
n greater than the weight of the same bulk of 
water. 
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CHAP. III. -4. By these experiments, without any more, 
am convinced, that there is not actually in natu 
any vacuum ; but [ am not sure but that there msi] 
be made some little place empty, and this from tWi 
experiments, one whereof is Toricellius' experi' 
meiit, which is this : take a cylinder of glass, hollo 
throughout, but close at the end, iu form of a saclc 
B. How long? 

A. As long as you will, so it be more thai 
twenty-nine inches. 

B. And how broad r 

A. As broad as you will, so it be broad enougl 
to pour into it quicksilver. And 611 it with quicks 
silver, and stop up the entrance with your fingpfj 
so as to unstop it again at your pleasure. Thenjl 
set down a basin, or, if you will, a sea of quicki 
silver, and inverting the cylinder full as it is, di| 
the end into t}ie quicksilver, and remove youi 
finger, that the cylinder may empt itself. Do yoQ 
conceive me f For there is so many passing by, 
that I cannot paint it. 

B. Yes, 1 conceive youwellenough. \Mmtfollows? 

A. The quicksilver will descend iu the cylinder, 
not till it be level with that in the basin, accordiii 
to the nature of hea^-y fluids, but stay and stan 
above it, at the height of twenty-nine inches oi 
very near it, the bottom beiJig now uppermost, that 
no air can get in. 

B. What do you infer from this ? 

A. That all the cavity above twenty-nine inchea 
is filled with vacuum. 

B. It is very strange that I, from this same ei^ 
periment, should infer, and I think evidently, thai 
it is filled with air. I pray, tell me, when you had 



niTertcd the cylinder, fiill as it was, and stopped cbap. ni. 
with your finger, dipped into the basiu, if you had ot-^mm. 
then removed your finger, whether you think the 
quicksilver would not all have fallen out r 

A, No sure. The air would have been pressed 
upwanl through the quicksilver itself : for n man 
with his hand can easily thrust a bladder of air to 
the bottom of a basin of quicksilver. 

B. It is therefore manifest that quicksilver can 
press the air tlirough the same quicksilver. 

A. It is manifest ; and also itself rise into the air. 

B. What cause then can there be, why it should 
ftand still at twenty nine inches above the level of 
the basin, rather than any place else ? 

A. It is not hard to assign the cause of that. 
For so much quicksilver as was above the twenty- 
nine inches, will rise the first level of that in the 
Insin, OS much ns if you lind poured it on ; and 
thereby bring it to an equilibrium. So that I see 
plainly now, that there is no necessity of vacuum 
fri)ro this experiment. For I considered only that 
naturally quicksilver cannot ascend in air, nor air 
descend in quicksilver, though by force it may. 

B. Nor do I think that Turricelliusor any other 
racuist thought of it more than you. But what is 
the second experiment ? 

A. Tliere is a sphere of glass, which they call a 
recipient, of the cajmcity of three or four gallons. 
And there is inserted into it the end of a hollow 
cylinder of brass above a foot long ; so that the 
whole is one vessel, and the bore of the cylinder 
three inches diameter. Into which is thrust by 
force a solid cylinder of wood, covered with lea- 
ther so just, as it may in every point exactly touch 
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CHAP. III. the concave superficies of the brass. There 

also, to let out the air which the wooden cylinder 
as it enters (called the sucker) drives before it, a 
flap In keep out the external air while they are pull- 
ing the sucker. Besides, at the top of the recipi- 
ent there is a hole to put into it anything for 
experiment. The sucker bein^ now forced up 
into the cyliuder. what do you think must follow i 

B. I think it will require as much strength t(^_ 
pull it back, as it did to force it in. ^1 

A. That is not it I ask, but what would happen 
to the recipient t ^H 

li. T tliiuk so much air as would fill the plac^" 
the sucker leaves, would descend into it out of the 
recipient ; and also that just so much from the 
external air nould enter into the recipient, between 
Ihe brass and the wood, at first very swiftly, but, 
Ad the place increased, more leisurely. 

A, Why may not so much air rather d*'scend 
into the place forsaken, and leave as much vacuum 
as that ctimes to in the recipient f For otherwise 
no air will be pumped out, nor can that woodei^^ 
pestle be called a sucker. ^| 

B. That is it I say. There is no air eithc^^ 
pumped or sucked out. 

A. How can the air pass between the leather 
and the brass, or between the leather and the 
wood» beioj^ so exactly coutisuoas, or through the 
viiaelf? 

TQOceive do such exact eont^oity, nor sQch 

of the leather : for I nevo- yet had any 

stonn would keep out either air or water. 

howtbea could then be nade in the 
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recipient snch strange alteration both on animate crap. m. 
and iuRniinate bodies t 

ii. I will tell you how. The air descends out of 
the recipient, 1)ecfluse the air which the sucker 
removeth from behind itself, w? it is pulUiis^ out, 
has no place to retire into without, and therefore 
is driven into the engine between the wood of the 
iodcer and the brass of the cylinder, and causes 
u much air to come into tlie place forsaken by 
the retiring sucker ; wliich causeth, by oft repeti- 
tion of the force, a violent circulation of the air 
'vridiin the recipient, which is able quickly to kill 
mijtluDg that lives by respiration, and make all 
tbe alterations that hare appeared in the engine. 



CHAPTER IV. 

OP THE SYSTEM OF THE WORLD. 

B. You are come in good time ; let us therefore 
sit doTxni. There is ink, paper, ruler, and compass. 
Draw a little tnrcle to represent ihe body of the sun. 

A* It is done. The centre is A, the circum- 
ference is L M. 

B. Upon the same centre A, draw a larger cir- 
cle to Ktand for the ecliptic : for you know the 
sao is always in the plane of the ecliptic. 

A. Tlicre it is. The diameters of it at right 
ugleti are B Z. 

B. Draw the diameter of the equator. 
A. How ? 

li. Through the centre A (for the earth is also 
always in tbe plane of the equator or of some of its 



CHAP. IV. parallels) so as to be distant from B twenty-tbree 

„,,. ■ 7 degrees and a half. 

rfUM. -uria. A. Let it be H I : and let C G be equal to B H ; 
and so C will be one of the poles of the ecliptic, 
suppose the north-pole ; and than H will be east, 
and 1 west. And C A produced to the circum- 
ference in E, makes E the south-pole. 

B. Take C K equal to C G, and the chord G K 
will he the diameter of the arctic circle, and parallel 
to H I, the diameter of the equator. Lastly, upon 
the point B, draw a tittle circle wherein I supjiose 
to be the globe of the earth. 

A. It is drawn, and marked with / w. And B D 
and K G joined will be parallel ; and as H and I 
are east and west, and so are B and D^ and G 
audK. 

li. True ; but producing Z B to the circum- 
ference / m in b, the line B b will be in the diame- 
ter of the ecliptic of the earth, and B m in the dia- 
meter of the et^uator of the earth. In like manner, 
if you produce K G cutting the circle, whose centre 
is G, in *^ and c, and make an angle nG d equal to 
6Bm, the line nG will be in the ecliptic of the 
earth, because G<2 is in the equator of the earth. 
So tlmt in the annual motion of the earth through 
the ecliptic, every straight line drawn in the earth, 
is perpetually kept parallel to the place from 
whence it is removed. 

A. It is true ; and it is the doctrine of Coper- 
nicus. But I cannot yet conceive by what one 
motion this circle can be described otherwise than 
we are tonight by Euclid. And then t am sure that 
all the diameters shnll cross one another in the 
centre, which in this figure is A. 
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/?. ! da not sny that the diaraetprs of a sphere chap. iv. 
w rirolc can be tiarallcl ; but that if a circle of a .TT' ' 
iMSer sphere he moved upon the eircuinferenc'e of a «''i"' -"^•^ 
jreat circle of a greater sphere, tliat the straight 
hnes that are iu the lesser sphere may be ke]>t pa- 
raflel perpetually to tlie places they proceed from. 

•■I. How ? And by what motion ? 

B. Take into your hand any straight line (as in 
this figure), the line l* A M, which we suppose to he 
the diameter of the sun's body ; and moving it 
parallelly with the ends in the circumference, so as 
that the end M may withal describe a small circle^ 
u Mc. It is manifest that all the other points of 
ibc same line L M will, by the same motion, at the 
Mine time, describe equal circles to it. Likewise if 
j'ou take in your hand any two diameters fastened 
together, the same parallel motion of the line L M, 
shall cau.se all the point* of the other diameter to 
make equal circles to the same M a. 

A. It is evident ; as also that every point of the 
«m'8 body shall do the like. And not only so, but 
also if one end describe any other figure, all the 
other points of the Iwdy shall describe like and 
equal fibres to it. 

B. You see by this, that this parallel motion is 
componnded of two motions, one circular upon the 
superficies of a sphere, the other a straight motion 
from the centre to every point of the same super- 
ficies, and beyond it. 

A. I see it, 

B. It follows hence, that the sun by this motion 
must every way repel the air ; and since there is no 
empty place for retiring, the air must turn about in 
& circular stream; but slower or swifter according 
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as it is more or less remote from the sun ; and that 
according to the nature of fluids, the particles of 
the air must coutiuually change place with one- 
aaother ; and also that the stream of the air shall 
be the coutrarj' way to that of the motion, for else 
the air caunot be repelled. 

A, All this is certain. 

B. Well : then if you suppose the globe of the 
earth to be in this stream which is nmde by the 
motion of the sun's body from east to west, the 
stream of air wherein is the earth's annual motion 
will be from west to east. 

A. It is certain. 

B. Well. Then if you suppose the globe of the 
earth, whose circle is moved annually, to be / ns, 
tlie stream of the air without the ecliptic falling 
upon the superficies of the earth /w without the 
ecliptic, being slower, and the stream that falleth 
within swifter, the earth sliall be turned upon its 
own centre proportionally to the greatness of the 
circles ; and conse([nently their diameters shall be 
parallel ; as also are otlier straight hues correspon- 
dent. 

A. I deuy not but the streams are as yon say ; 
and confess that the proportion of the swiftness 
without, is to the swiftness within, as the sun's 
ecliptic to the ecliptic of the earth ; that is to say, 
as the angle H A B to the augle m]Mt. And I like 
your argument the better, because it is drawn from 
C^npemicns his foundation. 1 mean the compoonded 
ipotion of straight and circular. 

B. I think I shall not offer yon many demon- 
strations of physical conclusions that are not 
derived from the motions supposed or proved by 



Copernicus. For those condtisions in natural phi- chap, iv, 
bsophy I most suspect of falshood, which require ^~r' — ' 
most variety of suppositions for their demonstra- «»fti«w<«ij. 
tions. 

A. The next thing I would know, is how great 
or little yOQ suppose that circle o M r 

B. I suppose it less than you can make it : for 
tbnv ap])ears in the suu no aueh motiou sensible. ■ 
his the 6rst endeavour of the sun's motion. But 
for all that, as small as the circle is, the motion 
BUty be as swift, and of as great strength as it is 
po^le to be named. It is but a kind of trembling 
that necessarily happeneth in those bodies, which 
with p-eat nwistance press upon one another. 

A, I understand now from what cause pro- 
ceedetb the aimual motion. Is the sun the cause 
also of the diurnal motion } 

B. Not the immediate cause. For the diurnal 
motion of the earth is upon its own centre, and 
therefore the sun's motion cannot describe it. But 
it proceedeth as a necessary consequence from the 
winual njotion. For which I have both experience 
uid demonstration. The experiment is this : into 
1 large hemisi»here of wood, spherically concave, 
put in a globe of lead, and with your hands hold it 
fast by the brim, movins; your hand circularly, but 
ill a very small compass ; you shall see the globe 
circulate about the concave vessel, just in the same 
manner as the earth doth every year in the air ; 
Bad you shall see withal, that as it goes, it turns 
perpetually upon its own centre, and very swiftly. 

A. I have seen it : and it is used in some great 
Vtehens to grind mustard. 

B. Is it 80? Therefore take a hemisphere of 

II f 
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J have it, the greater the better, 
bullet of gold, and, without mustard, you shall se^ 
the same effect. ^ 

A, I doubt it not. But the cause of it is evident. 
For any spherical body being in motion upon the 
sides of a concave and hard sphere, is all the way 
turned upon its owu centre by the resistance of the 
hard wood or metal. But the earth is a bullet 
without weight, and meeteth only with air, witboat 
any harder body in the way to resist it. 

li. Do you ihiulc the air makes no resistance, 
especially to so swift a motion as is the annual 
motion of the earth ? If it do make any resistance, 
you cauuot doubt but that it shall turn the earth 
circularly, and in a contrary way to its annual 
motion ; that is to say, from east to west, becaase 
the anuiuil motion is from west to east. 

A. I confess it. But what deduce yon from these 
motions of the sun r 

B. I deduce, first, that the air must of necessity 
be moved both circularly about the body of the 
sun aecordins: to the ecliptic, and also every way 
directly from it. For the motion of the sun's body 
is compounded of this circular motion upon the 
spliere L M. and of the straight motion of its semi- 
diameters from the centre A to the sapcr6cies of 
the sun's body, which is L M. .\ud therefore the 
air must needs be repelled every way, and also 
'^oueinnally dumge place to fill up the places far- 

;eti by other parts of the air. which else wooM 
empty, there brin^ no vacuum to retire unto. 
that there would be a perpetual stream of air, 
i ID a coatrary way lo the motion of the sim^ 
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body, such as is the modon of water by the sides cHAP.ir. 
of a ship under sail. _, , • , " 

A. Hut this motion of the earth from west to •rtseiwru., 
cut is only circular, such as is descrll>ed by n 
compass about a centre ; and cannot therefore 
repel the air as the sun does. And the disciples of 
Copernicus will have ic to be the cause of the 
moon's monthly motion about the earth. 

B. And I think Copernicus himself would have 
id the same, if his purpose hud been to have 
lown the natural causes of the motions of the 

stars. But that was no jtart of his design ; which 
nas only from bis own observations, and those of 
former astronomers, to compute the times of their 
motions ; partly to forctcl the conjunctions, oppo- 
atjons, and other aspects uf Uie ]>lanets ; and pnrtly 
10 r^ulatc the times of the Church's festivals. But 
bis followers, Kepler and Ualileo, make the earth's 
motion to be the efficient cause of the monthly 
iDotion of the moon about the earth ; which with- 
out the like motion to that of the sun in L M, is 
impossible. Let us therefore for the present take 
it in as a necesssary hypntliesis ; which from some 
experiment that I shall produce in our following 
discourses, may prove to be a certain truth. 

A. But seeing A is the centre both of the sun's 
body and of the annual motion of the earth, how 
can it be (as all astronomers say it is) that the orb 
of the annual motion of the earth should be eccen- 
tric to the sun's body ? For you know that from 
the vemnl equinox to the autumnal, there be one 
huudred and eighty-seven days ; but from the 
autumnal equinox to the vernal, there be but one 
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hmulred and seventy-eight days. What m 
cause can you assij;^ for this eccentricity t 

B. Kepler ascribes it to a magnetic virtu 
Tiz. that one part of the earth's superficies has 
greater kindness for the sun than the other part. 

A. I urn not satisfied with that. It is magicaU 
rather tlian natural, and unworthy of Kepler. Td] 
me your o«ti opinion of it. 

B. I think that the magnetical virtue he spenki 
of, cousisteth in this : that the southern hcniisphem 
of the earth is for the greatest part sea, and thai 
the greatest part of the northern hemisphere ii 
dry land. But how it is jtossiblc that from thenoc 
should proceed the eccentricity (the sun beinj 
nearest to the earth, when he is in the winter sol 
stice), I shall show you when wo come to speak o 
the motions of air and water. 

A. That is time enough : for 1 intend it for oui 
next meeting. In the mean time I pray you te 
me what you think to be the cause why the eq 
uoctial, and consequently the solstitial, points a 
not jilwuys in one and the same point of the celipt 
of the fixed stars. I know they are not, becaui 
the sun does not rise and set iu points diamctricaU 
opposite : for if it did, there would be no difFeren 
of the seasons of the year. 

B. The cause of that caii be no other, than th 
the earth, wliich is / m, hath the like motion tk 
that which I suppose the sun to have in L M, com 
pounded of straight and circular from west to eas 
iu a day, us the annual mutiou hath iu a year ; so 
that, not reckoning the eccentricity, it n-ill b( 
moved through the ecliptics in one revolution, al 
Copernicus proveth, about one degree. Sup^wfil 



then the whole earth moved from H to I, (which is chap. iv. 
half tlie year) circularly, but falling from I to i iu ^^j^^ — ' 
the samr time about tbirty miuutcs, and as much <rftiitinidd. 
in the other hetius|ihere from H to k ; then draw 
the line i i, which will be equal aud parallel to H I> 
aud he the diameter of the equator for the next 
year. But it shall not cut the diameter of the 
ecliptic Q Z iu A, which was the equinoctial of the 
former year, but in o thirty-sis seconds from the 
first degree of Aries. Suppose the same done in 
the hemisphere under the plane of the pa]>er, aud 
so you have the double of thirty-six seconds, that 
is seventy-two seconds, or very near, for the pro- 
gress of tlie vernal equinox in a year. The cause 
«liy 1 suppose the arch I i to be half a degree in 
iJw. ecliptic of the earth, is, that Copernicus and 
other astronomers, and experience, agree in this* 
that the equinoctial points proceed according to the 
order of the signs, Aries, Taurus, Gemini, &c. from 
west to east every hundredth year one degree or 
wy near. 

A. In what time do they make the whole revo- 
lution through the ecliptic of the sky ? 

B. That you may reckon. For we know by 
experience that it hath proceeded about one degree, 
that is sixty miimtes, constautly a long time in a 
boodrcd years. Hut as one hundred years to one 
degree, so is thirty-six thousand years to three 
hundred and sixty degrees. Also as one hundred 
^ears to one degree, so is one year to the hundredth 
part of one degree, or sixty minutes ; which is i^, 
or thirty-six seconds for the progress of one year ; 
which must be somewhat more than a degree 
According to Copernicus, who, (lib. iii. cap. 2) saith, 
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that for foor hmJ i e d jtan before Pudomy it nas< 
ooe decree almost roostantly. Which is veil 
enough as to the nattiral caose of the precession of 
the equinoctial points, which b the often-said com-j 
pooncled motion, thuuKh not an eiad astronomicalj 
olGolation. I 

ji. And it is a great saen that hu sappoation ia 
true. Bat what is the cause that the obliquity ol 
the edtptic, that is, the distance between th 
equinoctial and the sc^tice, b not always 
same? 

J3. The necessity of the obhqtutT of the cclipti 
ia bat a consequeoce to the precession of the eqa: 
noctial points. And therefore, if from C, thi 
north pole, yon make a little cinle, C h, equal toj 
fifteen minutes of a degree upon the earth, an 
another, m s, equal to the same, which will ap 
like this figure H, that is, (as Copernicus calls it) 
a circle twined, the pole C will be morcd half 
time of the cqainoctial points, in the are C at, au 
as uiQcb in the alternate arc v s descending to s, 
But in ifae arc * h, and its alternate ri^in^ to 
the cause of the twining is the earth's ann 
motion the same way in the ecliptic, and mak 
the four c[uarters of it ; and makes also their reri 
lutinn twice an slow as that of the equinoctii 
points. And, therefore, the motion of it is tb 
same compounded motion which Copernicus takei 
for bb huppi>Hiliiin, and is the cause of tbe prec^ea 
sion of the e(piiiioctial point:?, and consequently 
of the variation of the obliquity, adding to it on 
taking from it somewhere more, somewhere less 
xo an lltat one with another the addition is not 
miii'li more, nor the subtraction much less thai 
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thirty miuutes. But as for the natural efficient 
cause of this compounded motion, either in the 
snn, or the earth, ur any other natural body, it 
can be none but the immediate hand of the Creator. 

A. By this it seems that the poles of the earth 
are always the same, but maiie this 8 in the sphere 
(A the iis.cd stars near that which is called Cyno- 
snra. 

S. No: it is described on the earth, but the 
aanual motion describes a circle in the sphere of 
the fixed stars. Though I think it improper to 
say a sphere of the fixed stars, when it is so un- 
Ekely that all the fixed stars should be in the 
nperficies of one and the same globe. 

.'/. I do not believe they are. 

B. Nor I, f^ince they may seem less one than 
mother, as well by their different distances, as by 
iheir different magnitudes. Nor is it likely that 
the sun (which is a fixeil star) is the efficient cause 
of the motion of those remoter planets, Mars, 
Japiter, and Saturn ; seeing the whole sphere, 
nhose diameter is the distance between the sun 
aod the earth, is but a point in respect of the dis- 
tance between the sun and any other fixed star. 
Which I say only to excite those that value the 
knowledge of the cause of comets, to look for it 
ia the <lominion of some other sun than that 
which movcth the earth. For why may not there 
be some other fixed star, uejirer to some planet 
than is the sun, and cause such a light in it as we 
call a comet r 

A. As how ? 

B. You have seen how in high and thin clouds 
above the earth, the sun-beams piercing them have 
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CHAP. IV. appeared like a beard; and why might not such 
a beard have appeared to you like a comet, if you 
had looked upon it from as hi^h as some of the 
fixed stars ? 

A. But because it is a thing impossible for me 
to know, I will proceed in my own way of inquiry. 
And seeing you ascribe this compounded motion 
to the sun and earth, I would p-ant you that the 
earth (whose anniml motion is from west to east) 
shall give the moon her monthly motion from east 
to west. But then I ask you whether the moon 
hare also that compounded motion of the eartli, 
and witli it a motion upon its own centre, as hath 
the earth ? For seeing the moon has no uther planet 
to carry about her, she needs it not. 

B. I see reason enough, and some necessity, 
that the moon should have both those motions. 
Tor you cauuot think that the Creator of the stars, 
when he gave them their circular motion, did first 
take a centre, and then describe a circle with a 
chain or compass, as men do r No ; he moved all 
the parts of a star together and cqnully in the 
creation : and that is the reason I give you. The 
necessity of it comes from this phenomenon, that 
the moon doth tuni one and the same face towards 
the earth ; which cannot be by being moved about 
the earth parallelly, unless also it turn about its 
own centre. Besides, we know by experience, 
that the motion of the moon doth add not a little 
to the motion of the sea : which were impossible 
if it did not add to tlie stream of the air, and by 
consequence to tliat of the water. 

J. If yon could get a piece of the true and 
intimate substance of the earth, of the biguess of 
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a mnsket-bullet, do you believe that the bullet chap. iv. 
would bnve tlie like compouuded motion to that 
which you attribute to the sun, earth, and uioou r 
B. Yes, truly ; but witli le^ strength, according 
to its magnitude ; saving that by its i^avity falling 
to the earth, the activity of it would be unper- 
oaved. 

A. I will trouble you no more with the nature 
of celestial appearances; but 1 pray you tell me by 
what art a man may find what part of a circle 
the diameter of the sun's body doth subtend in 
the ecliptic circle ? 

B, Kepler says it subtends thirty minutes, which 
is half a degree. His way to find it is by letting 
in the sun-beams into a close room through a 
small hole, and receiving the image of it upon a 
phne perpendicularly. For by this means be hath 
a triangle, whose sides and angles he can know by 
measure ; and the vertical angle he seeks for, and 
the substance of the arc of the sun's Iwdy. 

.4. But I think it impossible to diMingnish 
where the part illuminate touchetb the part not 
iliaminate. 

B. .Another way is this : upon the equinoctial 
lUy, with a watch that shows the minutes standing 
by you, observe when the lower brim of the sun's 
setting first comes to the horizon, and set the index 
to some miuute of the watch ; and observe again 
the upper brim when it comes to the horizon : 
then count the minutes, and you have what you 
look for. Other way I know uone. 




OF TUB MOTIONS OP WATKR AND AIR. 

CHAP. V. A, I HAVE considered, as yon bad me, this 
orliie ilwikn. compounded motion with great admiratioD. Kirst, 
•(•raifTuiciui. jt is that which makes the difference between 
continuum and contiguum, which till now I never 
could distinguish. For bodies that are but conti- 
guous, with any little force are parted ; but by this 
compounded motion (because every point of the 
body makes an equal line in equal time, and every 
Hue cro-sses nil the rest) one part cannot be sepa- 
rated from another, without disturbing the motion 
of all the other parts at once. And is not that the 
cause, think you, that some bodies when they are 
pressed or bent, as soon as the force is removed, 
return again of themselve!? to their former figure r 
B. Yes, sure ; saving that it is not of themselves 
that they return, (for we were agreed that nothing 
can move itself), but it is the motion of the |iarts 
which are not pressed, that delivers those that are. 
And this restitution the learned now call the spring 
of a body. The Greeks called it antitifpia. 

/I. When 1 considered this motion in the sun 
and the earth and planets, I fancied them as so 
many bodies of the army of the Almighty in an 
immense field of air, marching swiftly, and com- 
manded (under God) by his glorious officer the 
sun, or rather forced so to keep their order in 
every part of every of those bodies, as never to 
go out from the distance in which he had set them. 
B. But the parts of the air and other fluids 
keep not their places so. 
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A, No: you told me that this motion is not chap. v. 
iral in the air, but received from the sun. „' __^ ' 

Of t)W BIKiHW 

True: but siuce we seek the natural causes i>fw««i^»fc 
of sublunary effects, where shall we bep;in r 
//. I would fain know what makes the sea to 
and flow at certain periods, and what causeth 
ch variety in the tides. 

B. Remember that the earth tnrneth every day 
npnn its own axis from west to eaHt ; and all the 
Tiiliile it so turneth, every point thereof by its com- 
pounded motion makes other circlings, but not ou 
the same centre, which is (you know) a rising in 
oue part of the day, and a falling in the other 
part. What think you must happen to the sea, 
which restcth ou it, and is a fluid body ? 

A. 1 think it must make the sea rise and fall. 
And the same bappencth also to the air, from the 
inntion of the sun. 

B. Remember, also, in what manner the sea is 
situated in respect of the dry land. 

A. Is not there a great sea that rcacheth from 
t^R straits of Magellan eastward to the Indies, and 
thence to the same straits ap^ain t And is not 
tbere a great sea called the Atlantic sea that run- 
neth northward to usr And does not the great; 
south sea run also up into the northern seas ? But 
f think the Indian and the South sea of themselves 
to be greater than ail the re:>t of the surface of the 
globe. 

B. How lieth the water in those two seas ? 
A. Kast and west, and rises and fails a little, as 

it is forced to do by tliis compounded motion, 
which is n kind of succnssion of the earth, and 
fills both the Atlantic and Northern seas. 
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f. B. AH this would not make a. visible difference 
" between high and low water, because this motion 
w*. being so regular, the uiievenness would not be 
great enougli to be seen. For though in a basi 
the water would be thrown into the air, yet th 
earth cannot throw the sea into the air. 

A. Yes ; the basin, if gently moved, will moke 
the water so move, that yoti shall hardly see it rise. 

li. It may be so. But yon should never see it 
rise as it doth, if it were not checked. For at the 
straits of Magellan, the great South sea is clie<;ked 
by the shore of the continent of Peru and Chili^ 
and forced to rise to a great height, and made to " 
run u\i into the northern seas on that side by the 
coast uf China ; iuid at the return is cheeked again 
and forced through the Atlantic into the Britis 
and German seas. And this is done every day, 
For we have 8up])osed that the earth's motion in 
the ecliptie caused by the sun Is annual ; and that 
its motion in the equinoctial is diurnal. It follow<^| 
etb therefore from this compounded motion of the 
earth, the sea must ebb and flow twice io the space 
of twenty-four hours, or thereabout. 
■ A. Has the moon nothing to do in this busi- 
ness? 

B. Yes. For she hath also the like motion. And 
is, though less swift, yet much nearer to the earth, i 
And therefore when the snn and moon are in cou-*fl 
junction or opposition, the earth, as from two 
agents at once, must needs have a greater succus- 
sion. And if it chance at the same time the moon, 
also be in the echptic, it will l>e yet greater, be- 
cause the moon then worketh on the earth leas 

bliquely. 
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A. But when the full or new mouu hapjjeii to be chap. v. 
then when the earth is in tlie equimKitial points, ' " 

, . , , ,. ^ „., . . , Of II.I. mMfcow 

the tides arc greater than ordinary. Why is that.'' ur«.ioindMr. 

fi. Because then the force by which they move 
the sea, is at that time, to the force by which they 
move the same at other times, as the cqainoctial 
circle to one of its parallels, which is a lesser circle. 

A. It is evident. And it is pleasant to see the 
MMtcord of so many and various motions, when they 
proceed from one and tlie same hypothesis. But 
vli^ say you to the stupendous tides which happen 
on the coasts of Lincolnshire on the east, and in the 
river of Severn on the west ? 

B. Tlie cause of that, is their proper situation. 
For the current of the ocean through the Atlantic 
sea, and the current of tlie south sea through the 
aortheru seas, meeting to^tlier, rise the water in 
the Irisb and British seas a threat deal higher than 
ordinary. Therefore the mouth of the Severn 
being directly opposite to tlie current from the 
Atlantic sea, and those sands on the coast of Lin- 
colnsliire directly opposite to the current of the 
German sea, those tides must needs fall furiously 
iDto them, by this succussion of the water. 

A. Does, when tlie tide runs up into a river, the 

Rer nil rise together, and full together when it 
5 out? 

B. No : one part risetb and another fallcth at 
the same time ; because the motion of the earth 
tisinie and faUiug, is that which makes the tide. 

A. Have you any experiment that shows it ? 

Ji, Yes. You know that in the Thames, it is 
high water at Greenwich before it is high water at 
London -bridge. The water therefore falls at 
Greenwich whilst it riseth all the way to London. 




lower part downward, it were 

A. it ts ccrtaia. It b strange that Ala <md 
motion nbould salre »o many appearanoea, and so 
cajiily. But I will |irf>doce one experiment of waterj 
not in the tea, but in a glan. If you can show mfl 
thAt tin: caoK of it iii this compoanded motion, I 
tihnll go near to think it the cause of all otbetl 
effecto of nature hitherto disputed of The experi-i 
mimt in corainan, and described bv the Lord Chau* 
vvWnt Hiu'oii, ill the third pngc of his natural history.! 
Take, Miith he, a glass of water^ and draw yoart 
finder rnuiid about the lip uf the glass, pressing; iti 
noutewluit hard ; after you have done so a few 
timoff, it will make the water frisk np into a fine 
dew. After I had read this, I tried the same with 
nil dillffence myself, and found true not only tho 
fk'iakini; of the water to above an inch high, but 
olao ihi'. whole BUperficies to circulate, and witball 
l<> make » pleasant sound. The cause of the Arisk- 
inK he iiitributes to a tumult of the inward partsi 
of llie ttnUHlunec of the glass striving to free itselC 
front the pressure. I 

ii. I have trie<l and found both the sound asdi 
motion : and do not duubt but the pressure of the' 
parts of the glass was part of the cause. But ttej 
motion of my tingcr about the ^lass was ahrm^ 
parallel ; and wbeu it chanced to be otkemistf,, 
both found and motion ceased. 

A. I fomid the same. And beio? 
fnoeed to other iiue^tions. How b 
:a heary body, made to ascend a 
tbe air, and be there for a tia 
erf" a dood, and then fidl dom« 
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B. 1 have bUowu already, that tbis compounded chap. t. 
motioQ of the sun, in oue part of its oircumlation, q,"^,^^^ 
drives the air one way, and in the other part, thcrf«««««>J<**' 
coDtrary way; and that it cannot draw it bock 
aguu, no more than he that sets a stone a flying 
can pull it back. The air therefore, which is con- 
tijnious to the water, being thus distracted, must 
either leave a vacaum, or else some part of the 
water raujut rise and fill the spaces continually for- 
s^en by the air. But, that there is un vaciuum, 
you have granted. Therefore tlie water riseth into 
the air, and maketb the clouds ; and seeing they 
are very small and invisible parts of the water, they 
lie, though naturally heavy, easily carried up and 
dcFwn with the v^lnd, till, meeting with some mouu- 
taia or other clouds, they be pressed together into 
greater drops, and fall by their weight. So also it 
is forced up iu moist ground, and with it many 
smnl] atoms of the earth, which are either twisted 
with the rising water into plants, or are carried up 
UDd down in the air incertainly. But the greatest 
quantity of water is forced up from the great South 
and Indian Seas, that lie under the tropic of Capri- 
corn. And this climate is that which makes the 
S[ia*!i perigaeum to be always on the winter-sol- 
stice. And that is the part of the terrestrial globe 
which Kepler says is kind to the sun; whereas 
the otlier part of tlie globe, which is almost all dry 
laud, has aii anti])athy to the sun. And so you see 
where this magnetical virtue of the earth lies. For 
the globe of the earth having no natural api>etite 
to any place, may be drawn by this motion of the 
iBn a little nearer to it, together with the water 
which it raiseth. 

VOL. VEI. I 
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A. Can you guess what may be the cause of 

n', ■ . wind ? 

i.r««Mwid.ir. li, I think it manifest that the nnconstant winds 
proceed from the uncertain motion of the clouds 
ascending and descending, or meeting with one 
another. For the winds Jifter they are generated 
in any place by the descent of a cloud, they drire 
other clouds this way and that way before them, 
the dr seeking to free itself from being pent up in 
a strait. Fur when a cloud desceudeth, it makes 
no wind sensible directly under itself. But the air 
between it and the earth is pressed and forced to 
move violently outward. For it is a certain expe- 
riment of mariners, that if the sea go hi^h when 
they are becalmed, they say they shall have more 
wind than they would ; and take in their stuls all 
but what is necessary for steering. They know, it 
seems, that the sea is moved by the descent of 
clouds at some distance off: which prcssetb tlie 
water, and makes it come to them in great waves. 
For a horizontal wind docs but curl the water. 

A. From whence come the rivers? 

B. From the rain, or from the falling of snow oa 
the higher ground. But when it desceudeth under 
ground, the place where it again ariseth is callecl 
the spring. 

A, How then can there be a spring upon the top 
of ahiU? 

B. There is no spring upon the very top of a 
hill, unless some natural pipe bring it thither (tmd 
a higher hill. 

A. Julius Scoliger says, there is a river, and in 
it a lake, upon the top of Mount Cenis in Savojr; 
and will therefore have the springs to be ingeodered 
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in the caverns of the earth by condeusation of the chap. v. 

ftir "^^ ' 

or tha moilMU 

B. I wonder he sbonld say that. I have passed of-MMMidwr. 
orer that hill twice s'mce the time I read that in 
Scaligcr, und found that river as I passed, and went 
by the side of it in plain ground almost two miles ; 
where I saw the water from two great hills, one 
on one side, the other ou the other, in a thousand 
mall rillets of melting snow fall down into it. 
Which has made me never to use any experiment 
the which I have not myself seen. As for the con- 
version of air into water by oondeiisation, and of 
water inti> air by rarefaction, though it be the doc- 
trine of the Peripatetics, it is a thing incogitabic, 
the words are insignificant. For by donsum is 
ifie^l only frequency and closeness of parts ; and 
by ramm the contrary. As when we say a town 
is thick with houses, or n wood with trees, we mean 
not that one house or tree is thicker than another, 
but that the spaces between are not so great. But, 
since there is no vacuum, the spaces between the 
parts of air are no larger than between the parts 
of water, or of any thing else. 

A. What think you of those things which mari- 
ners that have sailed through the Atlantic Sea, 
called spouiHy which pour down water enough at 
once to drown a great ship ? 

B. It is a thing I have not seen : and therefore 
ctm say nothing to it: though I doubt not but 
when two very large and heavy clouds shall be dri- 
ven together by two great and contrary winds, the 
tliiug is possible. 

A. I think your reason good. And now I will 
propound to you another experiment. I have seen 



CHAP. V. an exceeding small tube of g;lass with both ends 

,„ , ■ , ' open, set iipritrht in a vessel of water, and that the 

of »»(rr«.-i .if. superficies of the water within the tube was higher 

a gooil deal than of that in the vessel ; but I see no 

reason for it. 

B. Was not part of the glass under water? 
Must not then the water in the vessel rise ? Must 
not the air that lay upon it rise with it ? \Miither 
should this rising air go, since there is no ]>lace 
empty to receive it r It is therefore no wonder if 
the water, pressed by the substance of the glass 
which is dipt into it, do rather rise into a very 
small pipe, than come about a longer way into the 
open air. 

A. It is very probable. I obser\ed also that the 
top of the inclosed water was a concave superficies; 
which I never saw in otlier fluids. 

B. The water hath some degree of tenacity, 
though not so great but that it will yield a little to 
the motion of the air ; as is manifest in the bubbles 
of water, where the concavity is always towards 
the air. And this I think the cause why the air 
and water meeting in the tube make the superficies 
towards the air concave, which it cannot do to a 
fluid of greater tenacity. 

A. If you put into a basin of water a long rag of 
cloth, first drenched in water, and let the longer 
part of it hang out, it is known by experience, that 
the water will drop out as long as there is any part 
of the other end under water. 

B. Tlie cause of it is, that water, as 1 told you, 
hath a degree of tenacity. And therefore being 
continued in the rag till it be lower without than 
within, the weight will make it continue dropping, 



lot only because it is heavy (for if the rag crap. v. 
fer liiffher without than within, and were made ' 

I ■ . I . 1 . ' . . 1 .> . or 0... n»ti<nis 

iieavicr ny the breadth, it would not descend), but <.rw.iCT«i4iih- 
it is because all heavy bodies naturally descend 
with proportion of swiftness duplicate to that of 
tie time ; whereof I shall aay more when we talk 
of gravity. 

A. You see how despicable experiments I trouble 
you with. But I hope you will pardon me. 

B. As for mean and coiumou experiments, I 
think them a great deal better witnesses of nature, 
than tliose that are forced by fire, and known but 
to very few. 
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CHAPTER VI. 

OP THE CAUSES AND EFFECTS OF HEAT AND COLD. 

A. It is a fine day, and pleasant walking through 
the fields, but that the sun is a little too hot. 

B. How know you that the sun is hotf 

A. I feel it. 

B. Tliat is to say, you know that yourself, but 
iiot that the sun is hot. But when you find your- 
self hot, what body do you feel ? 

A. None. 

B. How then can you infer your heat from the 
of feeling ? Your walking may have made 

you hot : is motion therefore hot ? No. You are 
to consider the concomitants of your beat ; as, that 
you are more faint, or more ruddy, or that you 
sweat, or feel some eudcavour of moisture or spi- 
rits tending outward ; and when you have found 
the causes of those accidents, you have found the 
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cnAP.ri. causes of beat, which in a living crc-Ature, aud 

rOffbecwIl especially in a man, is many times the motion of 

'«DdiAc«ii>r the parts within him^ such as happen in sickness, 

*" anger, and other passions of the mind; which are 

Bot in the sun nor in fire. 

A. That which I desire now to know, is what 
motions and of what bodies without me are the 
efficient causes of my heat. 

B. I showed you yesterday, in discoursing of r^, 
how by this compounded motion of the sun's body, 
the air was every way at once thrust off west and 
east ; so that where it was contiguous, the small 
parts of the water were forced to rise, for the 
avoiding of vacuum. Think then that your hand 
were in the place of water so exposed to the sun. 
Must not the sun work upon it as it did upon the 
water } Though it break not the skin, yet it nill 
give to the inner fluids and looser parts of your 
band, an endeavour to get forth, which will extend 
the skin, and in some climates fetch up the bloodi 
and in time make the skin black. The fire ako 
will do the same to them that often sit with tlieir 
naked skins too near it. Nay, one may sit so near, 
without touching it, as it shall blister or break the 
skin, and fetch up both spirits and blood mixt into 
a putrid oily matter, sooner than in a furnace oil 
can be extracted out of a plant. 

A. But if the water be above the fire in a keltip, 
what then w ill it do r Sludl the particles of w 
go toward tlie fire, as it did toward the sun r 

B. No. l"or it cannot. But the motion of the 
parts of the kettle which are caused fay the fire, 
shall dissipate the water into vapour till it be tU 
cast out. 





A, What is that you call fire ? 
fluid body: or«.«n« 

£. It is not any other body but that of the ^^ArVccuot 
shining coal : which coal, though extiD^shcd with 
water, is still the same body. So also in a very 
hot furnace, tlie hollow spaces between the shining 
coald, though they burn that you put iuto them, 
are no other body than air moved. 

A. Is it not flame ? 

B. No. For flame is nothing but a multitude of 
sparks, and sparks art; but the atoms of the fuel 
dissipated by the iucredible swift motion of the 
movent, which makes every spark to seem a hun- 
dred times greater than it is, as ajipears by this ; 
that, when a man swiiij^s in the air a small stick 
fired at one cud, though the motion cannot be 
wry swift, yet the fire will appear to the eye to 
be a long, straight, or crooked line. Therefore a 
great many sparks together flying upward, must 
needs appear unto the sight as one continued flame. 

^Hor are the sparks stricken out of a flint any thing 
eke but small particles of the stone, which by their 
nrift motion are made to shine. But that fire is 
Dot a substance of itself, is evident enough by tins, 
liiat the smi-beams passing' through a globe of 
water will burn as other fire does. Which beams, 
if they were indeed fire, would be quenched in the 
lasB&ge. 

A. This is so evident, that I wonder so wise men 
as Aristotle and his followers, for so long a time 
oould hold it for an element, and one of the 
primary parts of the uuiverse. But the natural 
beat of a man or other living creature, whence 
pfocecdcth it? Is there anything within their 
bodies that hath this compounded motion ? 



CHAP. VI. -S. At the breaking up of a deer I have seen it 
^^^' ^ plainly in his bowels as long as they were warm. 
■latfftdi of And it is called the peristaltic motion, and tu the 
heart of a beast newly taken out of his tmdy ; and 
this motion is called systole and diastole. But 
they are both of them this compounded motion, 
whereof the former trauseth the food lo wind up 
and down through the guts, aiid the latter makes 
the circulation of the blood. 

A. What kind of motion is the cause of cold ? 
Methioks it should be contrary to that which 
causeth heat. 

li. So it is in some respect. For seeing the 
motion that bc^ts heat, teudeth to the separation 
of the parts of the body whereon it acteth, it 
stands witli reason, that the motion which maketh 
cold, should be such as sets them closer t<^cthcr. 
But contrary motions are, to speak properly, when 
upon two etuis of aline two bodies move towards 
each other, the effect whereof is to make them 
meet. But each of them, as to this question, is 
the same. 

A. Do you think (as many philosophers have 
held and now hold), that cold is nothing but a pri- 
vation of heat ? 

B. No. Have you never heard the fable of the 
satyr that dwelling with a husbandman, and seeing 
him blow his fingers to warm them, mid his ])ottage 
to cool it, was so scaudalizeil, that he ran from him, 
saying he would no longer dwell with one that 
could blow both hot and cold with one breath ? 
Yet the cause is erident enough. For the air 
whirh hml gotten a calefactive power from his 
vital parts, was from his mouth and throat gently 
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^fiused on his fingers, and retained still that chak tl. 
V*ower. But to cool his pottage he straightened JTthT^i^ 

the passage at his Upa, which extlniciudhed tlie «"■! •BVcb.of 

calcfactive motion. 

A. Do you think wind the general cause of 
cdd ? If that were true, iu the greatest winds we 
should have the greatest frosts. 

B. I meau uot any of those imcertaiu winds 
which, I said, were made by the clouds, but such 
as B body moved iu the air makes to and against 
itself ; (for It is all one motion of the air whether 
It be carried against the body, or the body against 
it); sDch a wind as is constant, if no other be stirrhig, 
from east to west ; and made by the earth turn- 
ing daily upon its own centre ; which is so swift, 
as, except it be kept off by some hill, to kill a man, 
as by experience hath been found by those who 
have passed over great mountains, and specially 
over the Andes which are opposed to the east. 
Aud such is the wind which the earth maketh in 
the air by her annual motion, which is so swiit, as 
that, by the calculation of astronomers, to go sixty 
miles iu a minute of an hour. And therefore this 
must be the motion which makes it so cold about 
the poles of the ecliptic. 

A. Does not the earth make the wind as great 
in one part of the ecliptic as in another r 

Ji. Yes. But when the auu is in Cancer, it 
tempers the cold, und still less and less, hut least of 
all in the winter-.solstice, where his beams are most 
oblique to the superficies of the earth. 

A. I thought the greatest cold had been about 
the poles of the equator. 

B, And so did 1 once. But the reason commonly 
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CHAP. VL given for it is so improbable^ tha 

' ' so now. For the cause they render of it is only, 

that the motion of the earth is swiftest in the 
eqninoctial, and slowest about the poles ; and conse- 
quently, since motion is the cause of heat, and cold 
is but, 08 it was thought, a want of the same, they 
inferred that the greatest cold must be about the 
poles of the equinoctial. MTierein they miscoanted. 
For not every motion canseth heat, but this agita- 
tion only, which we cnll compounded motion ; 
though some have nllegetl experience for that 
opinion ; as that a bullet out of a gun will with its 
own swiftness melt. Wliich I never shall believe. 

A. It is a common thing^ with many philosophers 
to maintain their fancies with any rash report, and 
sometimes with a lie. But how is it jiossible that 
so soft a substance as water should be turned into 
so bard a sul>i<tauce as ice : 

B. When the air shaves the globe of the earth 
with such swiftness, as that of sixty miles in ft 
minute of an hour, it cannot, where it meets with 
still water, but beat il up into small and undis- 
tiuguishable bubbles, and inrolre itself in them as 
in so many bladders or skins of water. And ice is 
nothing else but the smallest imaginable parts of 
air and water mixed ; which is made hard by this 
compounded motion, ihat keeps the parts so close 
together, as not to be t»epanited in one place with- 
ODt disordering the motion of them all. For when 

body will not easily yield to the impression of an 

lemal movent io one place without yieiding in 

we call it hard ; and when it does, we say it ia 

i . Why is not ice as well made in a moved as i^^ 




a still water ? Are there not great seas of ice iu aiAP.vi. 
the northern parts of the earth r ontaeww* 

I). Yes, and perhaps also in the southern parts, "id aAM << 
Bat I cannot imagine how ice can be mode iu such 
Imitation as is always in the open sea, made by the 
tides and by the winds. But how it may be made 
at the shore, it is not hard to imosrine. For in a 
river or current, though swift, the water that 
adhereth to the banks is qniet, and easily by the 
motion of the air driven into small insensible bab- 
bles ; and so may the water that adhereth to those 
bubbles, and so forwards till it come into a stream 
that breaks it, and then it is no wonder though the 
fragments be driven into the open sea, and freeze 
together into greater lumps. But when in the 
open sea, or at the shore, the tide or a great wave 
shall arise, this young and tender ice will presently 
be washed away. And therefore I think it evident, 
that as in the Thames the ice is first made at the 
hanks where the tide is weak or none, nud, l>roken 
by the stream, comes down to London, and part 
goes to the sea floating till it dissolve, and part, 
being too great to i>ass the bridge, stoppeth there 
aod suiitaias that whic:h follows, till the river be 
quite frozen over ; so also the ice in the northern 
seas b^ns first at the banks of the continent and 
islands which are situated in that climate, and then 
broken off, are carried up and down, and one 
a^inst another, till they become great bodies. 

A^ Bnt what if there be islands, and narrow 
inlets of the sea, or rivers also about the pole of 
the equinoctial : 

B. If there be, it is ver)- likely the sea may also 
there be covered all over with ice. Bnt for the 
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CHAP.Ti. tnith of this, we must stay for some farther i 
~ ' cover)'. 

A. When the ice is once made and hard, what ■ 
dbfuilves it ? ^H 

//. The principal cause of it, is the weight of the" 
water itself; but not without some abatement in 
the stream of tlie air that hardeiieth it ; as wheu 
the sunbeams are less oblique to the earth, or 
some contrary- wind resisteth the stream of the 
air. For when the impediment is removed, then 
the nature of the water only worketh, and, being 
a heavy body, downward. I 

j4. I forg;ot to ask you, why two pieces of wood 
rubbed swiftly one against another, will at length 
set on fire. 

Ji. Not only at length, but quickly, if the wood 
be dry. And the c-ause is evident, viz. the com- 
pounded motion which dissipates the external small 
parts of the wood. And tben the inner parts must 
of necessity, to preserve the plentitude of the uni- 
verse, come after; first the most fluid, and then 
those also of grejitcr consistence, which are first 
erected, and the motion continued, made to fly 
swiftly out ; whereby the air driven to the eye of 
the beholder, maketh that fancy which is called 
light. 

A, Yes; I remember you told me before, that 
upon any strong pressure of the eye, the resistance 
from within would appear a light. But to return 
to the enquiry of heat and cold, there be two things 
that beyond all other put me into admiration. One 
is the swiftness of kindling in gunpowder. The 
other is the freezing of water in a vessel, though 
lot far from the fire, set about with other water 
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with ice and snow in it. When paper or flax is chap. vi. 
flaming, the flame creeps gently on : and if a honse ^^^^ ' 



full of paper were to be burnt with puttmc a caudle k»j •** ••" 
to It, It Will be long in burning ; wlnreas a S]mrk 
of fire would set on flame a mountain of gun- 
powder in almost an instant. 

li. Know you not fiunjwwder is made of the 
powder of charcoal, brimstone, and saltpetre? 
Whereof the tirst will kindle with a spark, the 
second flame as soon as touched with fire ; and the 
third blows it, as being compo^d of many orbs of 
Bait filled with air, and as it dissolveth in the flame, 
furiously blowing inereaseth it. And as for making 
ice by the fireside ■, it is manifest that whilst the 
snow is dissolving in the external vessel, the air 
mu.st in the like manner break forth, and shave the 
superficies of the inner vessel, and work through 
the water till it be frozen. 

A. 1 could easily assent to this, if I could («m- 
ceive how the air that shaves, as you say, the out- 
side of the vessel, could work through it. I 
conceive well enough a pail of water with ice or 
snow dissolving in it, and how it causeth wind. 
Bat how that wind should communicate itself 
through the vessel of wood or metal, so as to make 
it shave the superficies of the water which is witliiu 
it, I do not so well understand. 

/f. I do not say the inner superficies of the 
vessel shaves the water wit)iin it. Hut it is mani- 
fest that the wind made in the pail of water by the 
melting snow or ice prcsseth the sides of the vessel 
that staudeth in it ; and that the pressure worketh 
clean through, liow hard soever the vessel be ; and 
that again worketh on the water within, by resti- 
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CHAP. VI. tution of its parte, and so hardeneth the water by 
degrees. 
r A. I understand you now. The ice iu the patl 
bf its dlssolutioD transfers its hardness to the water 
within. 

B. You are merry. But supposing, as I do, that 
the ice in the pail is more than the water in the 
vessel, you will find no absurdity in the ar^ment. 
Besides, the experiment, you know, is ounimon. 

A. I confess it is probable. The Greeks have 
the word ^ptKi} (whence the Latins have their word 

Jrigus) to sif^fy the curling of the water by the 
wind ; and use the same also for horror, which is 
the passion of one that cometh suddenly into a cold 
air, or is put into a sudden affright, whereby he 
shrinks, and his hair stands upright. >Vhich mani- 
festly shows that the motion which causeth cold, is 
that whit'li pressing the superficies of a body, sets 
the parts of it closer together. But to proceed in 
my queries. Monsieur Des Cartes, whom you know* 
hatb written somewhere, that the noise we hear in 
thunder, proceeds from breaking of the ice in the 
clouds ; what think you of it r Can a cloud be 
turned into ice • 

B. Why not? A cloud is but water in the air? 

A. But how ? For he has not told us that. 

B. You know that it is only in summer, and in 
hot weather, that it thunders ; or if in winter, it is 
taken for a prodigy. Yon know also, that of clouds, 
some are Ingher, some lower, and many iu number, 
as you cannot but have oftentimes obsened, with 
spaces between them. Therefore, as in all currents 
of water, the water is there swiftest wlierc it is 
straitened with islands, so must the current of 



sir made by the annual motion be swiftest there, chap.'Vt. 
where it is checked with many clouds, through oMhT^ii^ 
which it must, as it were, be strained, and leave «"'«■"■';«• 'H" 

Ihcal Afiu cno. 

behind it many small particles of earth always in 
it, and in hot weather more than ordinary. 

A. This I understand, atid that it may cause ice. 
But when the ice is made, how is it broken i And 
why falls it not down in shivers ? 

B. The particles are enclosed in small caverns of 
the ice; and their natural motiou being the same 
which wc have ascribed to the globe of the earth, 
requires a snflieient space to move in. But when 
it is imprisoned iu a less room than that, then a 
great part of the ice breaks : and this is the thun- 
der-clap. The murmur following is from the sett- 
ling of the air. The lightning is the fancy made 
by the recoiling of the air against the eye. The 
fall is in rain, not in sliivers; beeause the prisons 
which they break are extreme narrow, and the 
shivers being small, are dissolved by the heat. But 
in less heat they would fall iu droi)s of hail, that is 
to say, half frozen by the shaving of the air as they 
fall, and be in a very little time, much less than 
snow or ice, dissolved. 

A, Will not that lightning bum ? 

B, No. But it hath often killed men with cold. 
But this extraordinary swiftness of lightning eon- 

^^kisteth not in the expansion of the air, but in a 
straight and direct stream from where it breaks 
forth ; which is in many places successively, ac- 
cording to the motion of the cloud. 

A. Experience tells us that. I have now done 
with my problems concerning the great bodies of 
the world, the stars, and element of air in which 
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fAP. VI. they are moved, and am therein satisfied, and the 
^^^' ^^^ rather, because you have answered me by tlie sup- 
mad .Aro oi position of one only motion, and commonly known, 

best and oold. ' , , • , , - V, ■ i 

and the same with that of Copemtcus, whose opi- 
nion is received l)y all the learned ; and because 
you have not used any of these empty terms, sym- 
pathy, antipathy, antipertstasis, etc., for a natural 
cause, as the old philosophers have done to save 
their credit. For thouj^h they were many of them 
wise men, as Plato, Aristotle, Seneca, and others, 
and have written excellently of morals and politics, 
yet there is very little natural philosophy to be 
gathered out of their writings. 

Ji. Their ethics and politics are pleasant reading-, 
but I find not any argument in their discourses of 
justice or virtue drawn from the supreme authority, 
on whose laws all justice, virtue, and good politics 
depend. 

A, Concerning this cover, or, as some have called 
it, the scurf or scab of the terrestrial star, 1 will 
begin with you tomorrow. For it is a large sub- 
ject, containing animals, vegetables, metals, stones, 
and many other kinds of bodies, tlie knowledge 
whereof is desired by most men, and of the greatest 
and most general profit. 

D. And this is it, in which I shall give yon the 
least satisfaction ; so great is the variety of motion, 
and so concealed from human senses. 




OP HARD AND SOFT, AND OP THE ATOMS THAT PLY IN 
THE AIR. 

A. Concerning this cover of the earth, made up chap, vn 
of au infiiiice uuiuber of parts of different natures, ' ■ 

I liad much ado to fiud any tolerable method of •on. .»a or 
enqolry. But I resolved at last to begin with the X'^^* ^ 
questions concerning hard and soft, and what kind 
of uioliuu it is that makes them so. I kjiow that 
in any pulsion of air, the parts of it ^o innumerable 
and iucxpHcabIc ways ; but 1 ask only if every 
point of it be moved ? 

B. No. If you mean a mathematical point, you 
know it is impossible. For nothing is movable but 
body. But I suppose it divisible, as all other 
bodies, into parts divisible. For no substance can 
be di\ided into nothings. 

A. Why may not that substance within our 
1)odies, which are called animal spirits, be another 
kind of body, and more subtile than the common air? 

B, I know not why, no more tJian you or any 
man eko knows why it is not very air, though 
purer perhaps than the common air, as being^ 
stniined through the blood into the brain and 
nerves. But howsoever that be, there is no doubt, 
but tlie least parts of the common air, respectively 
to the whole, will easilicr pierce, with equal motion, 
the body that resisteth them, than the least parts 
of water. For it i.s by motion only that any muta- 
tion is made in any thing ; and all things standing 
a» they did, will appear as they did. And that 
which changeth soft into hard, must be such as 
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CHAP. vii. makes the parts not easily to be moved without 
being moved all together ; which cauDot be done 
but by some motion compounded. And we call 
hard, that whereof no part can be put out of order 
without disordering all the rest ; which is not easily 
done. 

A. How water and air beaten into extreme small 
bubbles is hardened into ice, you have told me 
already, and I undersUuid it. But how a soft 
homogeneous body, as air or water, should be so 
hardened, I cannot imagine. 

B. There is no hard body that hath not also some 
dt^ree of gravity ; and cou-sequeutly, being loose, 
there must be some efficient cause, that is, some 
motion, when it is severed from the earth, to bring 
the same to it again. And seeing this compounded 
motion gives to the sur and water an endeavour 
from the earth, the motion which must hinder it, 
must be in a way contrary to the com]>ounded 
motion of the earth. For whatsoever, having been 
asunder, comes together again, must come contrary 
ways, an those that fullow one another gu the same 
way, though both move upon the same line. 

A. "Wliat experiment have you seen to this pur- 
pose ? 

B. I have seen a druji of glass like that of the 
second 6gure, newly taken out of the furnace, and 
hanging at the end of an iron rod, and yet fluid, 
and let fall into the water and hardened. The club- 
end of it A A coming first to the water, the tail 
B C following it. It is proved before, that the 
motion that makes it is a compounded motion, and 
gives an endeavour outward to every part of it; 
and that the motion wliich maketh cold, is such as 
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shaving the body in every point of contact, and chap, vii 
luniin*; it. pivt-s them all an endeavour inward, or't^' ,^ 
Such is this motion made by the sinking of the hot "* «"' "f 

' Uw kl«nil thai 

and fluid ,^lass into the water. It is therefore aj m ii» air. 

manifest that the motion which hardeneth a soft 

body, must in every point of contnet be in the con- 

Irary way to that which makes a hard body soft. And 

^rther, that slender tail li C sbull be made much 

more hard than common glass. For towards the 

upper end, in C, you cainmt easily break it, as 

anall as it is. And when you have broken it, the 

whole body will fall into dust, as it must do, seeing 

Ae bending is so difficult. For all the parts are 

bent with such force, that upon the breaking at 

D, by their sudden restitution to their liberty, they 

will break together. And the cause why the tail 

B C, being so slender, becomes so hard, is, that all 

Uk endeavour in the great part A B, is propagated 

to the small part B C, in the same manner as tlie 

force of the sun-beams is derived almost to a point 

by a buniiug>glass. But the cause why, when it 

is broken in D, it breaks also in so many other 

places, is, that the endeavour in all the other parts, 

which is called the spring, unbends it; from whence 

a motion is caused the contrary way, and that 

motioti continued bends it more the other way and 

breaks it, as a bow over-bent is broken into shivers 

by a sudden breaking of the string. 

A. I conceive now how a body whicli having 
been liard and softened again, may be rehardened ; 
but how a fluid and mere homogeneous body, as air 
or water, may be so, I see not yet. For the hard- 
ening of water is making a hard body of two fluids, 
whereof one, which is the water. Hath some tena- 
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CHAP. VII. city ; nnd so a man may make a bladder hard witt 
blowing into it. 

li. As for mere air, which Tiath no natural mo- 
tion of itself, but is moved only by other bodies of 
a greater consistence, I think it impossible to be 
hardened. For the parts of it so easily change 
places, that they can never be fixed by any motion. 
No more I think can water, which though some- 
what less fluid, is with an Insensible force very easily 
broken. 

A. It is the opinion of many learned men, that 
ice, in long time, will be turned into crystal ; 
and they allege experience for it. For they say 
that crystal is found hanging on high rocks in the 
Alps, like icicles on the eaves of a house ; and why 
may not that have formerly been ice, and in naaiiy 
years have lost the power of being reduced t 

B. If that were so, it would still be ice, though 
also crystal : which cannot be, because crystal is 
heavier than water, and therefore mueli heavier 
than ice. 

A. Is there then no transubstandation of bodies 
but by mixture i 

B. Mixture is no transubstantiation. 

A. Have you never seen a stone that seemed to 
have been formerly wood, and some like shells, and 
some like scrjients, and others like other things 't 

B. Yes. I have seen such things, and particularly 
I saw at Rome, in a stone-cutter's workhouse, a 
billet of wood, as I thought it, partly covered with 
bark, and partly with the grain bare, as long as a 
man's arm, and as thick as the calf of a man's leg ; 
which handling I found extreme heavy, and saw a 
BJnaU part of it which was polished, and had a very 
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fine gloss, and thought it a substance between stone chap, vi 
id metal, but nearest to stone. I have seen also _,. . "," 
a kind of slate painted naturally with forest-vrork. "f^ ""J -f 
And I have seen in llie hands of a ehemist of my n. iu ow wr. 
acquaintanee at Paris, a broken glass, part of a 
retort, in which had been the rosia of turpentine, 
wherein tkough there were left no rosin, yet there 
appeared in the ]»ie(!e of ^lass many trees ; and 
plants in the ground about them, such !is grow in 
woods; and belter designed than they could be 
done by any painter ; and continued so for a long 
time. These be great wonders of nature^ but I 
viiM not undertake to show their causes. But yet 
this is most certain, that nothing can make a hard 
body of a soft, but l)y some motion of its parts. 
For the paits of the liardest body in the world can 
be no closer together than to touch ; and so close 
are the parts of air and water, and consequently 
they should be equally hard, if their smallest parts 
had not difterent nnturnl motions. Tliereforc if 
you ask me the causes of these effects, I answer, 
they are different motions. But if you expect 
from me how and by what motions, I shall fail you. 
For there is no kind of substance in the world 
now, that was not at the first creation, when the 
Creator gave to all things what natural and special 
motion he thought goo<l. And as he made some 
bodies wondrous great, so he made others wond- 
rous little. For all his works are wondrous. Man 
can but guess, nor guess farther, than he hath 
knowledge of the variety of motion. I am there- 
fore of opinion, that whatsoever perfectly homo- 
geneous is hard, i;on.sisteth of the smallest parts, or, 
&8 some call theni} atoms, that were made hard in 
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CHAP. vu. the beginning, and con&cqueDtly by an eternal 
caiise ; and that the hardness of the whule body is 
caused only by the contact of the parts by prcssnre. 

A. MHiat motion is it that maketh a hard body 
to melt ? 

Ji. The same compounded motion that heats, 
namely, that of fire, if it be strong enough. For 
all motion compounded is an endeavour to disa- 
pate, as I have said before, the parts of the body 
to be moved by it. If therefore hardness consist 
only in the pressing contact of the least {mrts, this 
motion will make the same parts slide off from one 
another, and the whole to take such a figure as the 
weight of the parts shall dispose them to, as id 
lead, iron, gold, and other things melted with beat. 
But if the small parts have such figures as they 
cannot exactly touch, but must leave spaces be- 
tween them filled with air or other fluids, then this 
motion of the fire, will dissipate those parts some 
one way, some another, the hard part still hard ; 
as in the burning of wood or stone into ashes or 
lime. For this motion is tliat which maketh fer- 
mentation, scattering dissimilar parts, and congre- 
gating similar. 

A. Why do some hard bodies resist breaking 
more one way than another r 

B. The bo<lies that do so, are for the most part 
wood, and receive that quality from their genera- 
tion. For the heat of the sun in the spring-time 
draweth up the moisture at the root, and together 
with it the small parts of the earth, and twisteth it 
into a small twig, by its motion upwards, to some 
length, but to very little other dimensions, and so 
leaves it to dry tiU the spring following : and then 



J 



does the same to that, and to every small part round chap. vii. 
about it ; so that upward the strength is doubled, q^^,^ 
and thi^ next year trebled, &c. And these are ion. mmi oi 
called the ^aiii of the ^rood, and but touch ouc o.^^ thx ^. 
another, like sticks with little or no binding, and 
therefore can hardly be broken across the grain, 
but easily all-along it. Also some other hard bodies 
have this quality of being wore fragile one way 
than anotlier, as wc see in quarrels of a glass win- 
dow, that are aptcst many times to break iu some 
crooked line. The cause of this may be, that when 
the glaiis, hot from the furnace, is poured out upon 
a plain, nny small stones in or under it will brejik 
the stream of it into divers lines, and not only 
weaken it, but also cause it falsely to represent the 
al^ect you look on through it. 

A. What is the cause why a bow of wood or 
steel, or other very hard body, being bent, but not 
broken, will recover its former degree of straight- 
ness r 

B. I have told you already, how the smallest 
parts of a hard body have every one, by the genera- 
tion of hanlness, a circular, or other compounded 
motion ; such motion is that of the smallest parts 
of the bow. WTiich circles in the bending you 
press into narrower figures, as a circle into aii 
elUpsis, and an ellipsis into a narrower but longer 
ellipsis with violence ; which turns their natural 
motion against the outward parts of the bow so 
bent, and is an endeavour to stretch the buw Into 
its former posture. Therefore if the impediment 
be removed, the bow^ must needs recover its former 
figure. 

A. It is manifest ; and the cause can be no other 
liut that, except the bow have sense. 
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CHAF. VII. B. And though the bow hadseuse, and appetite 
to boot, the caxLse will be still the same. 

A. Do you think air and water to be pure and 
homogeneous bodies } 

B. Yes, and many bodies both hard and heavy 
to be so too, and many liquors also besidts water. 

A. Why then do men say tliey find one air 
healthy, another infectious ? 

B. Not because the nature of the air varies, but 
because there are in the air, drawn, or rather, 
beaten up by the sun, many little bodies, whereof 
some have such motion as is healthful, others such 
as is hurtful to the life of man. For the suu, as 
you sec in the generation of plants, can fetch up 
earth as well as water : and from the driest ground 
any kind of body that licth loose, so It be small 
enough, rather than admit any emptiness. By 
some of these small bodies it is that we live ; which 
being taken in with our breatli,p!Lss into our blood, 
and cause it, by their compounded motion, to cir- 
culate through the veins and arteries ; which the 
blood of itself, being a heavy body, without it 
cannot do. What kind of substance these atoms 
are, I cannot tell. Some suppose them to be nitre. 
As for those infectious creatures in the air, whereof 
80 many die in the plague. 1 have heai'd that 
Monsieur Des Cartes, a very ingenious man, was of 
opinion, that they were little flies. Hut what 
grounds he had for it, i know not, though there be 
many experiments that incite me to believe it. 
For first, we know that the air is never universally 
infected over a whole country, but only in or near 
to some populous town. And therefore the cause 
must also be partly ascribed to the multitude 



excrements into the fields round about nud uear to .,, , . 

or )mn3 unA 

their habitation, which iu time fenneiitine breed *"«. """i «' 
norms, wuicli coininonly in a mouth ur nltle more, oj i.. a- >ir 
oaturaUy become flics ; aud though engendered at 
one town, may fly to another. Secondly, in the ba- 
nning of n plfi^ue, those tliat dwell in the sulMirbs, 
that is to say, nearest to this corruption, are the 
poorest of the people, that are nourished for the 
most part nilh the roots and herbs which ^row in 
that corrupted dirt ; so that the same tilth makes 
both the blood of poor people, and tiie substance 
of the fly. And it is said by Aristotle, that every- 
thing is nourished by the matter whereof it ifl 
generated. Thirdly, when a town is infected, the 
gentlemen, and those that live on wholsomest food^ 
scarce one of 6ve hundred die of the plague. It 
seems therefore, whatsoever creatures they be that 
ioTade us from the air, they can discern their 
proper nourishment, and do not enter into the 
mouth and nostrils with the breath of every man 
alike, as they would do if they were inanimate. 
Fourthly, a man may carry the infection with him a 
great way into the country in his clothes, and infect 
a village. Shall another man there draw the infec- 
tion from the clothes only by his breath ? Or from 
tbe hangings of a chamber wherein a man hath 
died? It is impossible. Therefore whatsoever 
killing thing is in the clothes or hangings, it must 
rise and go into his mouth or nostrils before it can 
do him hurt. It must therefore be a fly, whereof 
great numbers get into the blood, aud there feeding 
and breeding worms, obstruct the circulation of 
blood, fiiid kUI the man. 
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CHAP. vti. ^1. I would we knew the palate of tboee little 
nnimnls ; wc might perhaps tiud some medicine to 
fright them from miugliiig with our breath. But 
what is thnt which kjllH men that lie asleep too 
near a charcoal -fire ^ Is it another kind of fly r 
Or is charcoal venomous ? 

B. It is neither fly uor veuom, but the efiect of 
a ilamcless glowing fire, which dissipates those 
atoms that maintain the circulation of the blood : 
80 that for want of it, by degrees they faint, and 
being asleep cannot remove, but in short time, 
there sleeping die ; as is evident by this, thatbemg 
brought into the open air, without other help, they 
recover. 

A, It is very likely. The next tiling I would be 
informed of, is the nature of gravity. But for that, 
if you pleiLse, we will take another day. 



CHAPTER Via. 



OF GRAVITY AND GRAVITATION. 

B. What books are those? 

A. Two books written by two learned men con- 
cerning gravity. I brought them with me, because 
they furnish me with some material questions about 
that doctrine ; though of the nature of gravity, I 
find no more in either of them than tliis, tliat gra- 
vity is an intrinsical quality, by which a body so 
qualified descendeth perpendicularly towards the 
superficies of the earth. 

B^ Did neither of them consider that descending 
is local motion ; that they might have called it an 



intriusical motion rather than an iutrinsical chap, viii, 

A. Yes. Bat not how motion should be inlrin- "^bm«*«i«»' 
rical to the special individual body moved. For 
how fihonld they, when you are the first that ever 
sought the differences of qualities m local motion> 
except your authority in philosophy were greater 
with them than it in ? For it is liard for a man to 
conceive, except he see it, how there should be 
motioD within a body, otherwise than as it is in 
living creatures. 

5. But it may be they never soug;lit, or des- 
pured of finding what natural motion could make 
any inanimate thing tend one way rather than 
another. 

A. So it seems. But the first of them inquires 
no farther than, why so much water, being a heavy 
body, as lies perpendicularly on a fish's back in 
the bottom of the sea, should not kill it. The 
other, whereof the author is Dr. Wallis, treateth 
universally of gravity. 

B. Well ; but what are the questions which 
from these books you intend to nsk me ? 

A. The author of the first book tells mc, that 
water and other fluids are bodies continued, and 
act, as to gravity, a3 a piece of ice would do of 
the same fi^re aud quantity. Is that true ? 

fl. Tlmt the universe, supposine; there is no 
place empty, is one entire body, and also, as he 
Baith it is, a continual body, is very tnie. And 
yet the parts thereof may be contiguous, without 
any other cohesion but touch. And it is also true, 
that a vessel of water will descend in a medium 
less heavy, but fluid, as ice would do. 




II, A, But he meaus that water in a tub woulc 

' have the same effect upon a fish in the bottom 

■■ the tub, as so much ice would have. 

B. That also would be true, if the water were 
frozen to the sides of it. Other^vise the ice, if 
there he enough, will crush the fish to dfinth. Bat 
how applies he this, to prove that the water cannot 
hurt a fish in the sea by its weight ? 

^^ A, It plainly appears that water does not grt 
Vitate ou any part of iu*;elf beneath it. 

/y. It appears by experience, but not by tl 
ai^mneut, though instead of water the tub wer« 
filled with quicksilver. 

A. I thought so. But how it comes to 
that the fish remains uncrushed, I cannot tell. 

li. The endeavour of the quicksilver downward 
is stopped by the resistance of the hard bottoir 
But all resistance is a contrary endeavour ; that' 
an endeavour upwards, which gives the like en- 
[eavour to the quicksilver, which is also heavy, , 
and thereby the endeavour of the quicksilver i|fl 
diverted to the sides round about, where stoppecl^ 
again by the resistance of the sides, it receives an 
endeavour upwards, which carries the fish to the 
top, lying all the way upon n soft bed of quick- 
silver. This is the true manner how the fish is 
saved harmless. But your author, I beUcvc, either 
wanted age, or bad too much business, to study 
the doctrine of motion ; and never considered that 
resistance is not an impediment only, or privation, 
but a contrary motion ; and that when a man^ 
claps two pieces of wax together, tlieir contrary^ 
endeavour will turn both the pieces into one cake 

■|f wax. 

L_ 



^ 




PBCAMURON PHYSIOLOGICUM. 

A. I know not the author ; but it seems he has chap, viii, 
deeplicr considered this question than otiier men ; or^iT~' 
for in the introduction to his book he saith, " that ""^ «'•"'•'**• 
men have pre-engaficd themselves to maintain cer- 
tain principles of their own invention, and are 
therefore unwilling to receive anything that may 

render their labour fruitless ;" and, " that they have 
not strictly enongh considered the several inter- 
ventions that abate, irapwle, advance, or direct 
the gravitation of bodies." 

B. This is true euoup;h ; and he himself is one 
of those men, in that he considered not, that re- 
sistance is one of those interventions which abate, 
imjjede, and direct gravitation. But what are his 
suppositions for the questions he liandles ? 

A. His first is, that as in a pyramid of brick, 
wherein the bricks are so joined that the upper- 
most lies everywhere over the joint or cement of 
the two next below it, you may break down a part 
and leave a cavity, and yet the bricks above will 
lElaud firm and sustain one another by their cross 
posture : so also it is in wheat, hailshot, sand, or 
water ; and so they arch themselves, and thereby 
the fish is every way secured by an arch of water 
over it. 

B. That the cause why fishes arc not crushed 
nor hurt in the bottum of the sea by the weight of 
the water, is the water's arching itself, is very 
manifest. For if the uppermost orb of the water 
should descend by its gravity, it would tend toward 
the centre of the earth, and place itself all the way 
ia a less and lesser orb, which is impossible. For 
the places of the same body arc always equal. But 
tliat whe^l, sand, hailshot, or loose stones should 
make a firm arch, is not credible. 



CHAP. vm. A. The author therefore, it seems, quits it. and 
Of ^u^ taketh a second hypotheRis tor tlie true cause, 
■Id gm-iintkKi. though the former, he saith, be not useless, but 
contributes its part to it. 

B. I see, thougli he deptirt from his hypothesis, 
he looks back upon it with some kindness, ^liot 
is his second hypothesis ? 

A. It is, that air and water have an endeavour 
to motion upward, downward, directly, obliquely, 
and every way. For air, he saith, will come down 
his chimney, and in at his door, and up his stairs. 

Ji. Yes, and mine too ; and so would water, if 
I dwelt under water, rather than admit of vacuum. 
But what of that r 

A. Why then it would follow, that those several 
tendencies or endeavours would so abate, impede, 
and correct one another, as none of them should 
gravitate. Which being gnuited, the fish can take 
no harm ; wherein I find one difficulty, which is 
this : the water having an endeavour to motion 
every way at once, methinks it should go no way, 
but lie at rest ; which, he saith, was the opinion 
of Ste\nnu8, and rejecteth it, saying, it would crush 
the fish into pieces. 

li. I think the water in this case would neither 
rest nor crush. For the endeavour being, as he 
saith, intriusical, and every way, must needs drive 
the water i>er])elually outward ; that is to say, 
as to this question, upwards : and seeing the same 
endeavour in one individual body ctinnot be more 
ways at once than one, it will carry it on peqie- 
tually without limit, beyond the fixed stars ; and 
so we shall never more have rain. 

A, As ridiculous as it is, it necessarily follows. 



DRCAMBRON PIIYBIOLUOICUM. 

B. What are Dr. Wallis's suppositions ? chap. viii. 

A. He goes upon exi>erimeuts. And, first, he ^^ jJJ 
allegeth this, that water left to itself without die- »d fr«»i«itoii. 
tnrbaiice, does imturally settle itself into a horizon- 
tal plane. 

/i. He does not then, as your author and all 
other men, take gravity for that quality whereby 
a body tendeth to the centre of the earth. 

A. Yes, he defines gravity to be a natural pro- 
pension towards the centre of the earth. 

B, Then he coutradjcteth himself. For if all 
heary bodies tend naturally to one centre, they 
shall never settle in a plane, but in a spherical 
sujjerficies. But a^oiinst tliis, that such an hori- 
zontal plane is found in water by experience, I say 
it is impossible. For the experiment cannot he 
made in a basin, but in half a mile at sea ex- 
perience visibly shows the contrary. According 
U> this, he should think also that a pair of scales 
should hang parallel. 

A. He thinks that too. 

B. Let us then leave this experiment. What 
ays he farther concerning gravity ? 

A, He takes for granted, not as an exjKriment 
but an axiom, that nature workcth not by election, 
Init ad uftimum ririnm, with all the power it can. 

li. I think he means, (for it is a very obscure 
passage), that every inanimate body by nature 
worketh all it can without election ; which may 
be true. But it is certain that men, and beasts, 
work often by election, and often without election; 
as when he goes by election, an<l falls without it. 
lu this sense I grant him, that nature docs all it 
can. But wliat infers he from it ? 
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A. I think it is, because the ii 
visible object, which was made a\ 
of the motion, did last till it w-as 
it will fnlluw that it must be vifj 
the impressions in all points oi 
equal. 

B. Tlie cause cjin be no otliej 
spark of fire flying up seems a lint 
and again by that swift circular ij 
have supposed for the cause of 
broader than it is. And consequoi 
every thing must needs seem mi 
it is. 

A. What are those sparks tlu 
fire? 

B. They are small pieces of th( 
or other fuel loosened and carriedl 
air that eometli up with them, 
guibhed before their parts be quit 
others, are so much soot, and bla^ 
fired again. 

A. A spark of fire may be scriclc^ 
stone. It is not therefore heat 
shining. 

B. No it is the motion that mi 
and shiuing; and the stroke makj 
For cvcr^' of those sparks, is a lit 
stone, which swiftly moved, imprU 
motion into the matter prepared^ 
ceive it. 

A. How comes the light of the 
most any combusti1)Ie i.i ' • 'v r^ifr 
a convex glass, and by i u fr 

B. The air moved by the s«" 
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:UAP. VIII. A. That naturally every body has every way, U 

itgmeuj ^1*^ W'lys oppose not one another, an eudeavoar 

•»a gnviuUou. jQ motion ; and consequently, that if a vessel have 

two holes, one at the side, another at the bottom, 

the water will run out at both. 

Ji. Does he think the body of water that runs 
out at the side, and that which ruus out at the 
bottom, is but one and the same body of water? 

.4. No, sure ; he cannot think but that they are 
two several i)arts of the whole water in the vessel. 
B, Wlint wonder is it then, if two parts of 
water nin two ways at once, or a thousand portK 
a. thousand ways ? Does it follow thence that one 
l>ody can go more than one way at once ? Why 
is he still meddling witli thin&rs of such difficulty } 
He will tind at lost that he has not a genius either 
for nninrnl philosophy or for geometry. What 
other suppositions has he .' 

A, My tirst author had affirmed, that a lighter 
b*Mly does not gravitate on a heavier; against 
'*»■*' this Dr. Wall is thus ai^eih: Let there be a 
siphon, .\ B C D. filled with quidtsUTer to the 
level A D ; if then yoa poor oil upon A as high as 
to R, he a&keth if the oil in A E, as bem|; heavy, 
shall uot press down the quicksilver a little at A»: 
and luake it ri<« a Uitk- at D. suppotsc to F ; and' 
answers hiiasclf, that ccftaiulr it will ; so that it 
is nrithn" ab escperiment nor an hypolhcas, but 
only his ofiuuoii. 

"X \>lMsoenT it be, it is not trtie : tfaoogfa the 

IT auY be pardoBml, bec«Bse the contzmry was 

pro\ed. 

C«a roa pnn« the contnrr r 
Yes:' for tbe im^wmm of iIk ifuda^j 
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both from A and D downward, is stronger than chap, vm, 
that of the oil downward. If, tht^ri-fore, the en-, „ : ' 
deavonr of the quicksilver were not resisted by "'i K™*ii»ti« 
the bottom B C, it would fall so, by reiison of the 
acceleratiou of heavy iHKlies in their descending, 
6s to leave the oil, so that it should not only not 
press, but also not touch the quicksilver. It is 
true, ill a pair of seateti e^jually cliarj^ed with 
quicksilver, tliat the addition of a Ultle oil to 
either scale will make it preponderate. And that 
was it deceived him. 

A, It is evident. The last exjjeriment he cites 
i& the weighing of air in a pair of scales, where it 
is found manifestly that it has some little weiglit. 
For if you weigh a bladder, and put the weight 
into one scale, and then blow the bladder fiUI of 
air, and put it into the other scale, the full bladder 
Kill outweigh the empty. Must not then the air 
iravitate ? 

li. It does not follow. I hove seen the esperi- 
ineut just as you describe it, but it can never be 
thence demonstrated that air has any weight. 
For as much air as is pressed downward by the 
weight of the blown bladder, so much will rise 
from below, and lay itself spherically at the altitude 
of the centre of gravity of the bladder so blown. 
So that all the air within the bladder above that 
centre is carried thither ini])risoned, and by vio- 
ktice : and the force that carries it up is equal to 
diat which presseth it down. Inhere must, there- 
fflte, be allowed some little counterpoise iu tlie 
other scale to balance it. Therefore, the experi- 
meut proves nothing to his purpose. And whereas 
they say there be small heavy bodies iu the air, 

VOL. Til. L 
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CIIAP. VIII. which make it ^pravitate, do they think the force 
which brought them thither cauuot hold them 
there ? 

A. I leave this question of the fish as clearly- 
resolved, because the water tending cvcrj' way to 
one puint, which is the centre of the earth, must 
of necessity arch itself. And now tell me your own 
opinion couceruiujr the cause of gravity, and why 
nit bodies descend or ascend not all alike. For 
there can be no more msitter iu one place than 
another if the places be equal. 

li. I have already showed you in general, that 
the difference of motion in the parts of several 
bodies makes the difference of their natures. And 
all the difference of motions consistetb either in 
swiftness, or iu the way, or iu the duration. But 
to tell you in special why gold is heaviest, and 
then quicksilver, and then, perhaps, lead, is more 
than 1 hope to know, or mean to enquire ; for 
I doubt not but that the species of heavy, hard, 
op<ique, and diaphanous, were all made so at their 
creation, and nt the same time separated from dif- 
ferent species. So that I cannot guess at any 
particular motions that should constitute their 
natures, farther than 1 am ^ided by the experi- 
ments made by Gre or mixture. 

A. You hope not then to make gold by art ? 

li. No, nnless I could make one and the same 
thmg heavier than it was. God hath from the 
begii>ning made all the kinds of hard, and heavy, 
and diaphanous liodies that are, and of such figure 
and magnitude as he thought fit ; but how small 
soever, they may by accretion become greater id 
the mine, or perhaps by aenenition, tboogh we 



"know not how. But that gold, by the art of man, chap. vm. 
should be made of not gold, I canuot nnderstaud ; ^^ ;j| ^jH 
nor can they that preti^nd to show how. For the »a gnTiwi^^ 
heaviest of all bodies, by what mixture soever of 
other bo<Ues, will be made lighter, and not to be 
recei*'ed for pold. 

A. Why, when tlie cause of j^'avity consisteth 
in motion, should yuu <les]>a)r of fiudiug it r 

B. It is certain that when any two bodies meet, 
as the earth and any hea^'y body will, the motion 
that brings them to or towards one another, must 
be upon two contrary ways ; and so also it is 
when two bodies press each other in order to 
make tUem hard ; so that one contrariety of mo- 
tion might cause both hard and heavy, but it doth 
not, for the hardest bodies are not always the 
heaviest ; therefore 1 find no access that way to 
compare the causes of different endeavours of 
heavy bodies to descend. 

-■1. But show me at least how any heavy body 
(h&t is once above in the air, can descend to the 
earth, when tliere is no visilde movent to thrust or 
poll it down. 

B. It is already granted, that the earth hath 
this compounded motion supposed by Copernicus, 
And that thereby it casteth the contiguous air from 
itself every way round about. Which air so cast 
off, must coutinuaily, by its nature, range itself iu 
a spherical orb. Suppose a stone, for instance, 
were taken up from the ground, and held up in the 
air by a man's )mnd, wliat shall come into the 
place it tilled when it lay upon the earth r 

ji. So much air as is equal to the stone ia 
magnitude, munt descend and place itself in an 
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CHAP. VIII. orb upon the earth. But then 1 see that to avoid 
_, '', ' vacuum, another orb of air of the same maicnitude 

III Itrntiijr '— 

MdgnWutkM. must descend, and place itself in that, and so i>er- 
petually to the man's band ; and then so much air 
as wouhl fill the place must descend in the same 
manner, and bring: t:he stone down with it. For 
the stone having no eudearour upward, the least 
motion of the air, the hand being removed, will 
tlirust it downward. 

B. It is just so. And farther, the motion of the 
stone downward shall continuftlly be accelerated 
according to the odd numbers from miity ; as you 
know hatb been dempniiitrated by Galileo. But we 
are nothing the nearer, by this, to the knowledge 
of why one body should have a greater endeavour 
downward than another. Yoa see the cause of 
gravity is this compounded motion with exclusion 
of \-acuum. 

^. It may be it is the 6gure that makes the 

difference. For though figure be not motion, yet 

it may facilitate mutiuu, a& you see commonly the 

breadth of a heavy body retardfth the sinking of it. 

And the cause of it U, that it makes the air have 

farther to go laterally, before it caii rise from under 

it. For suj^MSe a body of quicksilver falling in 

the ftir from a certain height, most it uot, going as 

it does toward the cfutre of the earth, as it ilrans 

jwarer and nearvr to the earth, become more and 

slender, in the form of a soUd sector ? And 

have fitf to gOf divide itself into drops ? This 

e of ft solid sector is like a needle with the 

downward, aad therefore I should think tb^ 

Uio^ the motiock of it does the same that 

be done by iorrrftsiog the mdrftTour. 



B. Do not you see that this way of facilitating chap. vm. 
is the same in water, and in all other ftuid heavy ^^ ^C"^ 
bodies ? Besidt^, your argument ought to be appH- ■«»«i g»»*i«**<w. 
cable to the weighing of bodies in a pair of scales, 
which it is not, for there they have no such figure; 
it should also hold in the comjMirisoii of gravity in 
hard and fluid bodies. 

A. I had not sufficiently considered it. But 
supposing now, as you do, that both heavy and 
hard bodies^ in their smallest parts, were made so 
in the creation ; yet, because (quicksilver is harder 
than water, a drop of water shall in descending be 
pressed into a more slender sector than a drop of 
quicksilver, and consequently the earth shall more 
easily ca:it off auy quantity of water than the same 
quantity uf (juicksilver. 

//. This one would think wore true ; as also that 
of simple fluid bodies, those whose smallest parts, 
naturally, witliout the force of fire, do stroiigliest 
cohere, are generally the heaviest. But why then 
should quicksilver be heavier than stone or steel ? 
Fluidity and hardness are but degrees between 
greater fluidity and greater hardness. Therefore 
to the knowledge of what it is that causeth the 
difl'erenee, in different bodies, of their endeavour 
downward, there ore required, if it can be known 
at all, a great many more experiments than have 
been yet made. It is not difficult to find why 
water is heavier than ice, or other body mixed of 
air and water. But to l>elieve that all bodies are 
heavier or lighter according to the quantity of air 
within thera, is very hard. 

A. I see by this, that the Creator of the world, 
as by his power he orderefl it, so by his wisdom he 



CHAP. viii. provided it sliould be never disordered. There- 
(y,~^^, ' ^^^^ leaving this cjuestion, I desire to know whether 
ud gnntoLioa. jf a heavy body were as high as a fixed star, it 
wonid return to the earth. 

r Ji. It IS hard to try. But if there be thia com- 
pounded motion in the great bodies so high, snch 
as is in the earth, it is very likely that some heavy 
bodies will be carried to them. But we shall never 
know it till we be at the like height. 

A. What think you is the reason why a drop of 
water, tliough heavy, will stand upon a horizontal 
plane of dry or unctuous wood, and not spread it- 
self upon it ? For let A B, in the sixth figure, be 
■p^ (, the dry plane, D the drop of water, and D C perpen- 
dicular to A B. The drop D, though higher, will 
not descend and spread itself upon it. 

/i. The reason 1 think is manifest. For those 
bodies which are made by beating of water and 
air together, show jdainly that the parts of water 
have a great degree of cohesion. For the skin of 
the bubble is water, and yet it can keep the air, 
though moved, from getting out. Therefore the 
wholK drop of water at D, hath a good deal of co- 
hesion of parts. And seeing A B is an horizontal 
plane, the way from the contact in D either to A or 
B is upwards, and cnnsecpiently there is no endea- 
vour in D either of those ways, but what proceeds 
firom so much weight of water as is able to break 
that cohesion, which so small a drop is too weak to 
do. But the cohesion being once broken, as with 
your finger, the water will follow. 

j4. Seeing the descent of a heavy body increaseth 
according to the odd numbers 1, 3, 5, 7, &c. and 
the aggregate;* of those numbers, viz. of ! and 3 ; 




and I and 3 and 5 ; and of 1 and 3 and 5 and 7. chap. viii. 
&c. are gqnare uurabers, namely 4, 9, 16 ; the whole ^^ '7^ ' 
swiftness of the descent will be, I tliink, to the wiBrB.iuiioa. 
aggregate of so many swiftnesses equal to the first 
endeavour, as square numbers are to their sides, 
I, 2, 3, 4. Is it so? 

B. Yes, you know it hatli been demonstrated 
by Galileo. 

A, Tlien if, for instance, yon put into a pair of 
scales equal quantities of quicksilver and water, 
seeing: they are both accelerated in the same pro- 
portion, why should not the weight of quicksilver 
to the weight of water be in duplicate proportions 
to their first endeavours r 

B. Because they are in a pair of scale?. For 
there the motion of neither of tiiem is acreternted. 
And therefore it will be» as the first endeavour of 
the quicksilver to the first endeavour of the water, 
so the whole weight to the whole weig^ht. By 
which you may see, that the cause which takes 
away the gravitation of liquid bodies from fish or 
other lighter bodies within them, can never be de- 
rived from the weight. 

A, I have one question more to ask concerning 
gravity. If gravity be, as some define it, an iutrin- 
ae-al quality, whereby a body deseendeth towards 
the centre of the earth, how is it possible that a 
piece of iron that liath this intrinsieal quality 
should rise from the earth, to go to a loadstone ? 
Hatli it also an intriusical quality to go fnim the 
»rth ? It L-iitiiHJt be. The cause therefore must 
be extrinsicid. And because when they are come 
together iti the air, if you leave them to their own 
nature, they will fall down together, they must also 



CHAP. vm. have some like extrinsical cause. And so this 
ouMviiT^ magnetic virtue will be such another virtue as 
M«i gr.t.uiUo. makes all heavy bodies to descend, in this our 
world, to the earth. If therefore you can from 
this your hypothesis of compounded motion, by 
which you have f^o probably salved the problem of 
gravity, salve also this of the loadstone, I shall 
acknowledge both your hypothesis to be true, and 
your conclusion to be well deduced. 

B. I think it not impossible. Uut I will proceed 
no farther in it now, than, for the faciUtating of the 
demonstrations, to tell you the several proprieties 
of the magnet, whereof i am to show the causes. 
As first, that iron, and no other body, at some little 
distance, though heavy, will rise to it Secondly, 
that if it be laid upon a still water in a floating 
vessel, and left to itself, it will turn itself till it lie 
in a meridian, that is to say, with one and the same 
line still north nnd south. Thirdly, if you take a 
long slender piece of iron, and apply the loadstone 
to it, and, according to the position of the poles of 
the load.stone, draw it over to the end of the iron, 
the iron will have the same poles with the magnet, 
go it be drawn with some pressure ; bat the poles 
will lie in a contrary position ; and also this long 
iron will draw other iron to it as the magnet doth. 
Fourthly, this long iron, if it be so small as that 
poised upon a pin, the weight of it have no visible 
eflfect, the navigators use it for the needle of their 
compass, because it points north and south ; saving 
that in most places by particular accidents it is di- 
verted ; which diversion is called the variation of 
the horizontal needle. Fifthly, the same needle 
placed in a plane perpendicular to the horizon, hath 




t^g.*. 



SDotber motion called tlie inclination. \Vhicli that chap. vin. 
fou may the better conceive, draw a fourth figure ; ^^ '^r~' 
wherein let tliere be a circle to represent thc»«iF»"* 
terrella, that is to say, a spherical magnet. 

A. Let this be it, whose centre is A, the north 
pole B, the south pole C. 

B. Join B C, and cross it at right angles with the 
diameter D E. 

.4, It is done. 

B. Upon the point D set the needle parallel to 
B C» with the cross of the south pole, and the barb 
for the north ; and describe a square about the 
circle B D C E, and divide the arch D B into four 
equal pans in n. A, c. 

A. It is done. 

B. Then place the middle of the needle on th« 
, points a. A, f , so that they may freely turn ; and set 
Hjl&e barb which is at D towards the north, and that 

which is at C towards the south. You see plainly 
in* this, that the angles of inclination through the 
irch D C taken altogether, are double to a right 
sngle. For when the south point of the needle, 
Wking north, as at D, comes to look south, as at 
C, it must make half a circle. 

A. That is true. And if you draw the sine of 
ihe arch D a, which is d a, and the sine of the 
arch B n, which is a e, and the sine of the arch 
D A, which is Ay, and tiie sine of the arch B c, 
which is c g, the needle will lie upon A./ with the 
north-point downwards, so that the needle will be 
parallel to A D. Then from tr draw the line a ft, 
making the angle e a h equal to the angle D A a. 
And then the needle at a shall lie in the line a h 
with the south point toward h. Finally, draw 



CHAP. VIM. the line c h, which, with c g^ will also make a quar — 
ter of a right angle ; and therefore if the necdl 



0/|[»»hy 

udgTHiMUoo. be placed on the point c, it will lie in c h with tli 

south point toward h. And thus you see by what«^ 
degrees the needle inclines or dips nnder the hor|fl 
zon more and more from O till it come to the north 
pole at 11 ; where it will lie parallel to the needle 
in D ; but with their barbs looking contrary ways. 
And this is certain by experience, and by none 
contradicted. 

You see then why the degrees of the inclinatory 
needle, in coming from D to B, are double to the 
decrees of a quadrant. It is found also by experi- 
ence, that iron both of the mine and of the funiace 
put into a vessel so as to float, will lay itself (if 
some accident in the earth hinder it not) exactly 
north and south. And now I nni, from this com- 
pounded motion supposed by Copernicus, to derive 
the causes why a loadstone draws iron ; why it 
makes iron to do the same; why naturally it placeth 
itself in a parallel to the avis of the earth ; why by 
passing it over the needle it changes its poles ; and 
■what is the cause that it inclines. But it is your 
part to remember what 1 told you of motion at our 
second meeting; and what I told you of this ooto^M 
pounded motion supposed by Copernicus, at oor^ 
fourth meeting. 




aiAPTER IX. 



vn llir cntth. 



W THE LOAnSTnSE ANn ITS POLKS, AND WHETHER 
THEr SHOW THK LONOITUDE OF H.ACKS ON THK EAIITII. 

A. I coMK now to liear what uaturul causes you chap, ix, 
can assign of the virtues of the magnet ; and first, or tv wj- 
why it draws iron to it, and only iron. ir|Lw«u.i 

It. You know I have no other cause to assien *'*'•'« *'»'t 
bat some local motion, and that I never ai)proveaiii<korpi»«« 
of any argtiraent drawn from sympathy, influence, 
mlHitnnUai forms, or incorporeal effluvia. For I 
UD not, nor am accounted l)y my antagonists for a 
witch. But to answer this question, I should 
describe the globe of the earth greater than it is 
Bt B in the first figure, hut that the terrella in the 
fourth figure will sene onr turn. For it is but 
calling B and C the poles of the earth, and D E 
the diameter of the equinoctial circle, and making 
Dlhe east, and E the west, .-^nd then you must re- 
member that the annual motion of the earth is from 
ivest to east, and compuundcd of a straight and 
circular motion, so as that every point of it sltall 
describe a small circle from west to east, as is done 
bf the whole globe. And let the circles about 
Qb che three of those small circles. 

A. Before you go any farther, I pray you show 
me how I must distinguish east and west in every 
part of this figure. For wheresoever T am on earth, 
suppose at Loudon, and see the sun rise suppose in 
Cancer, is not a straight line from my eye to the 
sun terminated in the east r 

S. It is not due eai»t, but partly east, partly 
south. For the earth, being but a {mint comjmred 



11. to the sun, all the parallels to D E the equator, 

"* such as are e a,J'b, c g, if they be produced, will 

fall upon the body of the sun. And therefore A b 

*' is north-eaat -, A a east north-east ; and A c north 

t north-east. ^ 

A. Proceed now to the cause of attraction. ' 
H. Suppose now that the internal parts of the 
loadstone had the same motion with that of the 
internal parts of tlie sun which make the annual 

I motion of the earth from west to east, but in a 
contrary way, for otherwise the loadstone and the 
iron can never be made to meet. Then set the 
loadstone at a little distance from the earth, marked 

I with X ; and the iron marked with x upon the 
superficies of the earth. Now that which makes 
X rise to z, can be nothing else but air ; for nothing 
touches it but air. And that which makes the air 
to rise, can bcnothing^ but those small circles made 
by the parts of the earth, such are at n & c, for 
nothing else touches the air. Seeing then the 
motion of each point of the loadstone is from east 
to west in circles, and the motion of each point of 
the iron from west to east ; it follows, that the air 
between the loadstone and the iron shall be cast off 
both east and west; and consequently the place 
left empty, if the iron did not rise up and fill it* 
Thus you see the cause that maketh the loadsto: 
and the iron to meet. 

A. Hitherto I assent. But why they should 
meet when some heterojreneous body lies in the air 
between them, I cannot imngine. And yet I have 
seen a knife, though within the sheath, attract one 
end of the needle of a mariner's compass ; and 
have heard it will do the same though a stone- 
were between. 
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B. SacU iron were in<leed a very vigorous ciiap.ix. 
loadstone. But the cause of it is the sauie that or^i^ 
causeth fire or hot water, which have the same •'™'" "^. 
compounded motion, to work through a vessel of 
brass. For though the motion be altered by re- 
straint within the heterogeneous body, yet being 
continued quite through, it restores itself. 

A. VVhnt is the cause why the iron rubbed over 
by a loadstone will receive the virtue which the 
loadstone hath of drawing iron to it r 

B. Since the motion that brings two bodies to 
meet must have contrary ways, and tliat the mo- 
tions of the intenial part^ of the magnet and of 
the iron are eontrarj' ; the rubbing of them to- 
gether does not give the iron tlie first endeavour 
to rise, but multiplies it. For the iron untouched 
will rise to a loadstone ; but if touched, it becomes 
a loadstone to other iron. For when they touch 
& piece of iron, they pass the loadstone over it only 
one way, viz, from pole to pole ; not back again, 
for that would undo what before had been done ; 
il«o they press it in passing to the very cud of the 
iron, and somewhat bard. So that by this pressing 
motion all the small circles about the points a b c^ 
are turned the contrary way ; and the halves of 
those small circles made on the arch D B will be 
laketi away and the poles changed, so as that the 
north poles shall jMiint south, and the south poles 
lorth, as in the figure. 

A. But how comes it to pass, that when a load- 
stone hath drawn a piece of iron, you may add to 
't another, as if they begat one another ? Is there 
^e like motion in the generation of animals ? 

B. I have told you that iron of itself will rise to 
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CI r A P. IX. the loadstone ; much more then will it adhere t 
it when it is armed with iron, and both it and th 
iron have a plain superficies. For then not on 
the points of contact will be many, which mak 
the coherence stronger, but also the iron where 
with it is armed is now another loadstone, ditferin 
ii little, which you perhaps think, as male an 
female. But whether this compounded motio: 
and oonfrication raiiseth the generation of animals, 
how should I know, that never had so much leisu 
as to make any observation which might conduce 
to that ? 

A. My next question is, seeing you say the 
loadstone, or a needle touched with it, naturally 
respectetli the poles of the eartli, but that the va- 
riation of it proceedeth fi'om some accidents in the 
superficies of the earth ; what are those accidents ; 

B. Suppose thtre be a hill upon the earth, for 
example, at r; then the stream of the air which 
which was between x and x westward, coming to 
the hilU shall ^o up the hill's side, and so down to 
the other side, according to the crooked line which 
I have marked about the hill by points ; and this 
infallibly will turn the north point of the needle, 
bein^ on the east side, more towards the east, and 
that on the other side more towards the west, than 
if there had been no hill. And where uiM)n the 
earth are there not eminences and depressions, ex- 
cept in some wide sea, and a great way from land. 

-,-1. Rut if that, be true, the variation in the same 
place i^hould be alway.s the same, for the hills ore 
not removed. 

J{. Tlie variation of the needle at the same place 
is sliU the same ; but the variation of the rartatiou 



ila folat, inf- 



k partly from the motion of the pole itself, which chap. ix. 
by the astronomers is called mofus trepidationis ; (,/,^ ,;^,i,'" 
and partly from that, that the variation cannot be ■'™' "»'' 
truly observed, for the horizontal needle and the 
inclinatory needle ineUnc alike, but cannot incline 
in dne quantity. For whether set npon a pin or 
BD axis, their incUnatiun is hindered, in the hori- 
zontal needle, by the pi]\ itself: if upon an axis, if 
the axis be jnst, it cannot move ; if slack, the 
weight will hinder it ; but chiefly because the north 
pole of the earth draws away from it the north 
pole of the needle, for two like poles cannot come 
together. And this is the cause why the variation 
t& one place i» east, and another west. 

A. This is indeed the most probable reason why 
the variation varies that ever I heard given ; and 
1 should presently aoknowledffe that this parallel 
iDotion of the axis of the earth in the ecli])tic, sup- 
posed by Coi)eniiciis, is the true annual motion of 
th« earth, but that there is lately come fottb a 
liook called Longitnde FauntI, which makes the 
uaienietical pales distant from the poles of the earth 
*iglit deuces and a half. 

H. I have the book. It is far from being de- 
monstrated, as you shall hnd, if you have the 
ptdeace to see it examined. For wheresoever his 
demonstratiun is true, the conclusion, if rightly 
inferred, will be this, that the }ioles of the load- 
«oue and the poles of tlie earth are the same. 
And where, on the contrary, his demonstrations 
^e fallacies, it is because sometimes he fancieth 
*he lines he hath drawn, not where they are ; some- 
times because he mistakes his station ; and some- 
tiuies because he goes on some false principle of 
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Ortlnlajd- 



CHAH. i\. natural philotmpliy; iinil sometimes also because he 
knowt'th not sufficiently the doctrine of splierical 
triangles. 

A. I tbiuk that is the book there which lies at 
your elbow. Pray you read. 

li. 1 tiud 6rst (p. 4), that the grounds of his ar-- 
gument are the two observations made by Mr. 
Burrouglm, one ut Vaygateis, in 1576^ where the; 
variation from the pole of the earth he found to be ' 
1 1 dcg. Id miu. cast; the other at Lituchouse, near 
London, in I5B0, where the variation from the 
pole of the earth was 8 deg. 38 min. west, by I 
which, he saith, he might ^rtd out the magneiical ' 
pole. ^^ 

A. Where is Vay gates ? ^H 

li. In 70 degrees of north latitude j the difference 
of longitude between London and it being 58 ; 
degrees. 

A. The longitude of places being yet to seek, ' 
how came he to know this difference of &8 degrees, I 
except the poles of the magnet and the earth be 
the same ? 

B. I believe he trusted to the globe for that. . 
For the distance between the places is not aboves, 
2000 miles the nearest way. But we will pass b]r! 
that, and come to his demonstration, and to hisj 
diagram, wherein L is London, P the north-pole- 
of the earth, V Vaygaies. So that L P is 38 deg^l 
28 min. ; P V 20 dcg. : the angle L P V 58 deg. for) 
the difference between the longitudes of Vaygatesi 
and London. This is the construction. But before^ 
1 come to the demonstration, I have an inference 
to draw from these observations, which is this-; 
Because in the same year the variation at London. 
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was 1 1 deg. 15 mio. east, and at Vuygates 8 deg. 
38 Riin. west; if you subtract 11 deg. loniiu. 
from the arc LP; and 8 deg. 3B miu. from the 
arc L V, the variation on both sides will be takcu 
away ; so that P V beio^ the meridian of Vaygates, 
and L P the meridian of London, they shall botli 
of them meet in P the pole of the earth. And if 
tlie |iole of the magnet be nearer to the zenith of 
London than is the pole of the earth, it shall be 
just as much nearer to the zenith of Vaygates in the 
meridian of Vaygates, which is P V; as is manifest 
by the diurnal motion of the earth. 

A. All this I conceive without difficulty. Pro- 
ceed to the derao!istration. 

H. Mark well now. His words are these (page 5): 
From PLV subtract 11 deg. lomin., and there 
rpmains the angle V L M. Consider now which is 
tW angle P L V, and which is the remaining angle 
VLM, and tell what you understand by it. 

A. He has marked the angle PLV with two 
uucnliers, 1 1 d^, lomiu.and 21 deg. .'iOmin., which 
together make 33 deg. 5 min. And the angle 11 
deg. Ijmiu. being subtracted from PLV, there 
will remain 21 deg. 50 min. for the angle VLM. 
I know not what to say tu it. For I thought the 
arc P V, which is 20 deg., had been the arc of the 
spherical angle PLV; and that the arc LV had 
been 58 deg., because he says the angle 1^ P V 
is so; and that the arc LM had been 46 deg., 
because the angle L P M is so > and lastly, that the 
fliuile P LM had been 8 deg. 30 miu., because the 
arc P ^^ is so. 

ii. And what you thought had been true, if a 
spherical angle were a very angle. For all men 
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CHAP. IX. that have writteu of spherical triangles 
ofiheiMdr ^^^ ground of their oalculutlon, as Regiomont 
*in.» oud Copernicus, and Clavius, that the arch of a sii 
cal angle is the side opposite to the angle, 
should have considered also that he make! 
angle V P M 12 deg., but sets down no arc t( 
swcr it. But that you may find I am in the i 
look into the definitions which Clavius hath 
down before his treatise of spherical triaiiglea 
amongst them is this ; " the arc of a sphencf 
angle is a part of a great circle intercepted 
twocn the two sides drawn from the pole ol 
said great circle." 

A. The book is nothing worth ; for it is imp 
ble to subtract an arc of n circle out of a spht 
angle. And I see besides that he takes the si 
ficies that lieth between the sides L P and L 5 
nn arch, which is the quantity of an angle ; a 
a line, and cannot be taken out of a superf 
I wonder how any man that pretends to mi 
matics conld be so much mistaken. 

li. It is no great wonder. For Clavius hii 
striving to maint^n that a right angle is greater 
the angle made by the diameter and the circui 
euce, fell mto the same error. A comer, in n 
speech, and aii angle, in the language of geomi 
are not the same thing. But it is easy even 
learned man sometimes to take them for the s 
ns this author now has done ; and proceediu] 
saith, subtract 8 deg. 38 miu. from the i 
P V L, and there remains the angle L V M. 

A, That again is false, because impossible. "V 
was it that deceived him now r 

B. The same misunderstanding of th 




aspbencal ao^le. Which nppears farther in this, chap. IX. 
that wlieii lie knew the arc V P was part of a preat o,^|^77^ 
circle, he thought V M, which he maketh 8 deg. »»"•* .tni 
3D mm., were also piirts of a great circUi ; which 
is mauifestly false. For two great circles, because 
they pass through the centre, do cut each other 
into halves. But V P is nut half n circle. He sure 
thought himself at Vaygates, and that P M V was 
equal to P V, although iu the same hemisphere. 

A. But how proves he that the arc P M is S 
degrees 30 minutes. ? 

B. Thus. We have in two triangles, P L M and 
P V M, two sides and one angle included, to find 
P M the distance of the magnetieal pole from the 
pole of the earth B deg. 30miii. 

A. Is that all ? It is very short for a demon- 
stration of two go difficult problems, ils the quan- 
tity of 8 deg. 30 min. ; and of the place of the 
magnetieal pole. Hut he has proved nothing till 
he has showed how he found it. And though P M 
lie 8 deg. 30 min., it follows uot that M is the 
magnetieal pole. 

H. Nor is it true. For if P M be 8 deg. 30 min., 
and V M 8 deg. 38 min., the whole arc P M V will 
^ 1 7 deg. 8 min.. which should be 20 deg. Besides, 
H-hereas the variations were east and west, the 
subtracting of them should he also east and west, 
litit they are uorth and south. 

A. i am satisfied that the magnetieal poles and the 
poles of the eartii are the same. But thus much I 
Coiifess, if they were uot the same, the longitude 
^•ere found. For the difference of the latitudes of 
the earth's equaLor and of the magnetieal equator, 
i» the difference of the longitude. But proceed. 

M » 
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B, " The earth being a solid body, and tlie mag- 
netic sphere that encompasseth the earth being a. 
substance that hath not solidity to keep pace witk 
the earth, loseth in its motion: and that may be 
the cause of the motion of the magnetic poles from 
east to west." 

A. This is very fine and unexpected. The mag- 
uetic sphere, which I took for a globe made of a 
ma^oiet, has not solidity to keep pace with the 
earth, though it be one of the hnrdest stones that 
ore. It encompasseth the earth ; yet I thought 
nothing bad encompassed the earth but air in which 
I breath and move. By this also the whole earth 
must be a loadstone. For two bodies cannot be in 
one place. So that he is yet no farther than Dr. 
Gilbert whom he slights. And if the sphere be a 
magnet, then the earth and loadstone have the 
same poles. See the force of tnith I which thonp;h 
it could not draw to it his reason, hath drawn his 
words to it. 

li. Dut perhaps he meant that the magnetic 
virtue encompasseth the earth, and not the magne- 
tic body. 

A. But that helpcth him not. For if the body 
of the magnet be not there, the virtue then is the 
\irtue of the earth ; and so again the poles of the 
earth are magnetic poles. 

B, You see how unsafe it is to boast of doctrines 
as of God's gifts, till we are sure that they are 
true. I''or God giveth and deiiieth as he jilenseth, 
not as ourselves wi.sh : as now to him he hath 
given confidence enough, but hath denied him, at 



least liitherto, the finding of the longitudes. 
t)H' next place (p. 8) he .seems much pleased that 




liis doctrine o|frces with nn opinion of Keplerus, chap. ix. 
tlint from the creation to the year of our I^rd, it ,„ , ,- , 

■' 1 • 1 ^ toad- 

is to the year 1(357 now 5650 years; ana witn»»«f»'i 

tbal which he saith some divines have held in times ^^'*' ;_ 

past, that as this world was created in six days, so 
it should continue six thousand years. By which 
accotint the world will be at au end three hundred 
and fifty years hence ; thongh the Scripture tells us 
it shall come as a thief in the night. O what 
advantage three hundred and forty years hence 
will they have that linow this, over them that know 
it not, hy Utking np money at interest, or selling 
lands at twenty years* purchase ! 

A. But he says he will not meddle with that. 

B. Yes, when he had meddled with it too much 
dready. 

j4. But you have not told me wherein cousLsteth 
this agreement between him and Keplerus. 

n. I forgot it. It is in the motion of the mag- 
netic poles. For precedetitly (p. /), he had said 
** that their period or revolution was six hundred 
years; their yearly motion thirty-six minutes; and 
<p. 8) that their motion is by sixes. Six tenths of 
a degree in one year; six degrees in ten years ; 
^xty degrees in a hundred years ; and six times 
sixty degrees in six hundred years." 

A. But what natural cause doth he assign of this 
revolution of six hundred years? 

a. None at all. For the magnet lying upon the 
earth, can have no motion at all but what the earth 
and the air give it. And because it is always nt 
8 deg. 30 min. distance from the pole of the earth, 
the earth can give it no other motion than what it 
gives to its own poles by the precession of the 
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CHAP. IX. equinoctial points. Nor can the lur give it any 
motion but by its stream ; wliich must needs vary 
when the stream varicth. But what a vast diiFer- 
euce does he make between the period of the 
motion of the equinoctial points, which is about 
or near thirty-six thousand years according to 
Copernicus (lib. iii. cap. t»\ which mokes the annual 
prece.s!>ion to be 30 seconds, and the period of the 
magnetical poles' motion, which is but six hundred 
years. 

A. Go on. 

J?. He comes now (p. 15) to the indinatory 
needle upon ii spherical Loadstone. Where he 
shows, by diagram, that the needle and the instni- 
ment together moved towards the mafi^neticaL pole, 
make the sum of the inclinations e<]ual to two 
quadrants, setting the north-point of the needle 
southward : which T coufess is true. But, in the 
same pa^, he ascribeth the same motion to the 
earth in these words : '* as the horizontal needle 
hath a double motion about tlie round loadstone or 
terrella, so also the indinatory needle hath a dou- 
ble motion about the earth." What is this, but a 
confession that the poles of the magnet and of the 
earth are the same ? 

A. It is plain enough. 

li. Besides, secnig he placeth the miignetical pole 
at M in the meridian of Vaygates, the needle being 
touched shall incline to the pole of the earth which 
is P, as well there as at London, and make the 
north-pole of the earth point south. 

A. It is certain, because he puts both the mag- 
netical pole and the polo of the earth in the 
same meridian of the earth. Nor see I any cause 
why, the needle being the same, it should not be 
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ai subject to variation, and to variation of varia- ciiap.ix. 
tion, and to all accidents of the earth there, as in or ,!,« imj. 
anv other part. '^'» •*"' 

It* noln lift 

B. He putCetb (p. IG) a question, " at what dis- 
tance from the eurth are the magnetic poles ? and 
answers to it, they are very near the earth, because 
the nearer the earth, the greater the strength." 
^\Tiat think you of this : 

A, 1 think tliey are in the supei*ficies of the 
ina^iet, as the pole of the earth is in the super- 
ficies of the earth. And consequently, that then 
the earth must be a part of the magnet, and their 
poles the same. For the body of the magnet and 
the body of the earth, if they be two, cannot be in 
one place. 

B. His next words are, " some things are to be 
considered concerning those variations of the hori- 
zontal needle which are not according to the situa- 
"tion of the place from the magnetic poles, but are 
contrary ; as all the West Indies according to the 
■poles should be easterly, and they are westerly. 
"Which is by some accidental cause in the earth ; 

and their motion, as I formerly said, is a forced 

motion, and not natural." 

A. He has clearly overthrown his main doctrine. 
For to say the motion of the needle is forced and 
minatural, is a most pitiful shift, and manifestly 
false, no motion being more constant or less acci- 
dental, notwithstanding the variation, to which the 
inclinatory needle is no less subject than the hori- 
zontal needle. 

B. That which deceived him, was, that he thought 
them two sorts of needles, forgeltuig what he had 
said of Norman's invention of the inclinatory needle 
by the inclining of the horizontal needle (p. 11). 
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ciiAP.ix. For I will show you that what he says is easterly 
and should be westerly, should be easterly as it is. 
Consider the fourth figure, in w hieh B is the north- 
pole, and Bell deg^. 1 5 min. easterly, which was 
the variation at London in 1576 easterly. Suppose 
A c to be the needle, shall it not incline, as well 
here as at D n, and the variation B c be easterly '• 
Agmo, D« is 11 deg. 15 min., and the needle in D 
parallel to A B, and at a inclining also 1 1 deg. 
15 min. westerly. And is not the variation there 
D a westerly, with the north point of the needle 
in the Hne a h ? 

A. But the West-Indies are not in this hemi- 
sphere B C D E. The variation therefore will pro- 
ceed in an arc of the opposite hemisphere, which 
is westerly. 

/?. I believe he might think so, foi^etting that 
he and his comi>ass were on the superficies of the 
earth, and fancying them in the centre at A. 

A. It is like enough. If we had a straight line 
exactly equal to the arc of a quadrant, I think it 
would very much facilitate the doctrine of spheri- 
cal triangles. 

D. When you have done with your questions of 
natural philosophy, I will give you a clear demon- 
etrntion of the equality of a straight line to the arc 
of a quadrant, which, if it satisfy you, you may 
carry with yon, and try thereby if you can find the 
angle nf n spherical triangle given. 

A. It is time now to give over. And at our next 
meeting I desire your opinion concerning the 
causes of diaphaniety, and refraction. This Coper- 
nicus has done much more than he thought of. 
For he has not only restored to us astronomy, but 
also made the way open to physiology. 




OF TRANSPARENCE, REFRACTION, AND OF THE POWER 
OP THE EARTH TO I'RODUCE LIVING CREATURES. 

A. Thinking upon what yoa said yesterday, it chap. x. 
looked like a geiieration of liviiij^ creatures. I saw or ^,ui.»f..i.cr. 
%he love between the loadstone and the iron in ^^^li"^ ■^''■f 
^Jieir mutual attraction, their engendering in their -.rth i« pr»aa« 
^;lose and contrary motion, and their issue in the """* *'^""* 
3roD, which being tonehcd, hath the same attractive 
Trirtue. Now seeing they have the same internal 
motion of parts with that of the earth, why should 
not their substance he the same, or very near 
a-kin ? 

B. The most of them, if not all, that have written 
on this subject, when they call the loadstone a ter- 
rella, seem to think as you do. But I, except I 
could find proof for it, will not affirm it. For the 
earth attractcth all kind of bodies but air, and the 
loadstone none but iron. The earth is a star, and 
it were too bold to pronounce any sentence of its 
Rulistauce, especially of the planets, that are so 
Upt up in their several coats, as that they cannot 
work on our eyes, or any organ of onr other senses. 

yf. I come therefore now to the bosincss of tlie 
day. Seeing all generation, augmentation, and 
alteration is local motion, how can a body not 
transparent he made transparent t 

B. I think it can never he done by the art of 
man. For a.s 1 -«aid of hard and heavy bodies in 
the creation, so I think of diaphanous, that the 
very same individunl IkmIv which was not trans- 



CHAP. X. parent then, shall never be made transparent 
„"" ' ' Kuinau art. 

»ii»rtiBii. In. A. Do uot you see that every day men make 
glass, and other diaphanous bodies uot much in- 
terior in beauty to the fairest gems r 

B. it is one thing to make one transparent of 
many by mixture, and another to make transpa- 
rent of not transparent. Any very hard stone, 
if it be beaten into small sands, such as is used 
for hour-glasses, every one of those sands, if you 
look upon it with a microscope, you nil] fiud to 
be transparent -, and the harder and whiter a stone 
i3> so much the more trausparent, as I have seen 
in the stone of which are made millstones, which 
stouc is here called greet. And 1 doubt not but 
the sands of white marble must be more transpa- 
rent. But there are no sands so transparent that 
they have uot a scurf iii>on them, as hard, perhaps, 
as the stone itself; which they whose profcssioa 
it is to make glass, have the art to scour and wash 
away. And therefore I think it no great wonder 
,to bring those sands into one lump, though I know 
not how they do it. 

A, I know they do it with lye made with a salt 
extracted from the ashes of an herb, of which salt 
they make a strong lye, and mingle it with the 
sand, and then bake it. 

Ji. Like enough. But still it is a compound of 
two transparent bodies, whereof one is the natural 
stm»e, the other is the mortar. This therefore 
doth not prove, that one and the same body of uy 
transparent can be made transparent. ^M 

A. Since they can make one transparent body 
of many, why do they not of a great many small 
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sjiarks of nntural diamond compound one great chap. x. 
one ? It wonid bear the eharges of all the mate- ^~~' ' 
rials, and liesidc. enrich them. ret^iioo, *«. 

IS, it is pnibatilt: it would. But it may be they 
know no salt that howsoever prepared, which, with 
bow great a fire 8oever, can make them melt. And, 
it may he, the true crystal of the mountain, which 
is found in great pieces iu the Alps, is but a com- 
pound of many small ones, and made by the earth's 
annual motion ; for it is a very swift motion. Sup- 
pose now that within a very small cavern of those 
rocks whose smallest atoms are crj-stal, and the 
cavity filled with air ; and consider what a tumult 
vould be made by the swift reciprocation of that 
air ; whether it would not in time separate those 
atoms from the rock, and jumbling them together 
make them rub off their scurf from one another, 
and by little and little to touch one another iu 
polished ])lane5, and consetiuently stick together, 
till in length of time they become one lump of 
dean crystal. 

A. I believe that the least parts of created sub- . 
stances lay mingled together at first, till it pleased 
God to separate all dissimUar natures, and congre- 
gate the similar, to which this annual motion is 
proper. Hut they say that crystal is found in 
tie open air hanging like icicles upon the rocks, 
which, if true, defeats this supposition of a narrow 
cavern, and therefore I must have some farther 
experience of it before I make it my opinion. 
But howsoever, it still holds true that diaphanous 
bodies of all sorts, iu their least parts, were made 
by God iu the beginning of the world. But it 
may be true, notwithstanding those icicles. For 
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CHAP. X. the force of the air that could break off those di- 
., • aphanous atoms in a cavern, can do the same in 
ntaciitH), Ac the Open air. And I know that a less force of air 
can break some bodies into small pieces, not much 
less hard than crjstal, by corrupting them. 

B. Tliat which yon now have said is somewhat. 
Bui I deny not the po.sbibility, but only doubt of 
the operation. You may therefore pass to some 
other question. 

A. Well, I will ask you then a question about 
refraction. I know already that for the cause of 
refraction, when the light falleth through a thinner 
medium ujion a thicker, you assigu the resistance 
of the thicker body ; but you do not mean there, 
by varum and deiisum, two bodies whereof in equal 
spaces one has more substance in it than the other. 

li. No ; for equal spaces contain equal bodies. 
But I mean by dem-um any body which more re- 
sisteth the motion of the air, and by rarttm that 
which resiateth less. 

A. But you have not declared in what that re- 
• sistance consisteth. 

B. I suppose it proceerieth from the hardness. 

A. But from thence it will follow, that all trans- 
parent bodies that equally refract are equally hard^ 
which I think is not true, because the refractioa 
of gla.'w is not greater, at least in comparisoa of 
their hardnesses, than that of water. 

B. I confess it. 'Hiereforc I think we must take 
in gravity to a share in the production of this re- 
fraction. For I never considered refraction but in 
glasSj because my business then was only to find 

^'^'^' the causes of the phenomena of telescopes and 
microscopes. Let therefore A B (in fig. 7) be a 
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iDoidenoe, and produced to D : and draw A E per- r"*"^"™- 
jKudicular to A B. It is manifest that the hardness 
ID A B shall ttim the stream of the light inwards 
toward A E, suppose in tte line A e. It is also 
erident that the endeavour in IS, which is, being 
hea%'y, downward, shall turn the stream again in- 
ward, towards A E, as in A b. Thus it is in refrac- 
tion from the sun downwards. In like manner, if 
the light come from b<:low. as from a eandle in the 
point D, the line nf iiicidenne will be D A, and 
produced will pass to C. And the i'csista.nec of the 
hardness in A will turn tbe stream A C inward, 
suppose into A /, and make C / equal to D e. For 
passing into a thinner medium, it will depart from 
the perpendicular in an angle equal to the angle 
D A (?, by which it came nearer to it in A e. Ho 
iko tbe resistance of the gravity in tbe point A 
Aall turn the stream of the light into the line A i, 
and make tbe angle I A i equal to the angle e A A. 
And thus you see in what manner, though not in . 
what proportion, hardness and gravity conjoin 
llieir resistance in the causing of refraction. 

A. But you proved yesterday, that a heavy body 
does not gravitate upon a body equally heavy. 
Now this A B has up])er parts and lower parts; 
and if the npjjer parts do not gravitate upon the 
lower parts, how can there be any endeavour at all 
downward to contribute to the refraction? 

2i. 1 told you yesterday, that when a heavy 
body was set upon another body heavier or harder 
than itself, the endeavour of it downward was 
diverted another way, but not that it was extln- 



CHAP. X. fished. But in this case, where it lieth upou air, 
or inD»p.m„^ ^^® files' endeavour of the lowest part worketh 
r.&«:iiuD, 4<. downward. Tor neither motion uor body can be 
utterly extin{j;uished by a less than an omnipotent | 
power. All bodies, as long as tbey are bodies, 
are in motion one way or other, though the farther 
it be commnnicated, so ranch the less. 

A, But since you hold that motion is propagated 
through all bodies, how hard or heavy soever tbey 
be, I see no cause biit that all bodies should be 
transparent. 

B. There are divers causes that take away trans- 
parency. First, if the body be not perfectly homo- 
geneous, that is to say, if the smallest parts of it be 
not all precisely of the same nature, or do not so 
touch one another as to leave no vacuum within it; 
or though they touch, if they be not ns hard in the 
contact as in any other line. For then the refrac- 
tions will be so changed both in their direction, 
and in their strength, ns that no light shall come 
through it to the eye; as in wood and ordinary 
stone and metal. Secondly, the gravity and hard- 
ness may be so great, us to make the angle re- 
fracted SQ great, as the second refraction shall not 
direct the beam of light to the eye j as if the angle 
of refraction were D A E, the refracted line would 
be jwrpendieular to A H, and never come to the 
line A D, iu which is the eye. 

A. To know how much of the refraction is due 
to the hardness, and liow much to the gravity, I 
believe it is impossible, though the quantity of the 
whole be easily measured in a diaphanous body 
given. And both you and Mr. Warner have de- 
monstrated, that as the sine of the angle refracted 
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io oue inctination is to the sine of the angle re- chap. x. 
fraeted in another inclination, so is the sine of one , ' * 
iDclmation to the sine of the angle of the other wftmrti™, *«. 
inclination. Which demonstrations are both pub- 
l^ed by Mersennus in the end of the first volume 
of his Cogitata Phystco-Mathcmatica. But since 
there be many bodies, througli whicli though there 
pat* light enough, yet no object appear through 
ihtm to the eye, what is the reason of that ? 

B. You mean paper. For paper windows will 

^iilighten a room, and yet not show the image of 

an object without the room. Cut it is because 

there are in paper abundance of pores, through 

>\hich the air passing movcth the air within ; by 

the reflections whereof anything within may be 

Seen. And in the same paper there are again as 

%kuiny parts not transparent, through which the air 

<»UDOt pass, but must be rejected first to all parts 

Kif the object, and from them agaiu to the paper ; 

and at the paper either reflected again or trans- 

Xuitted, according as it falls upon pores or not 

pores ; 80 that the light from the object can never 

cwme together at the eye. 

A. 'riiere belongs yet to this subject the causes 
of the diversity of colours. But I am so well satis- 
fied with that which you have written of it in the 
twenty-fourth chapter of your book dc Corpore, 
that 1 need not trouble you farther in it. And now 
1 have but one question more to ask you, which I 
thought upon last uight. I have read in an ancient 
historian, that living creatures after a great deluge 
Vfere produced by the earth, which being then very 
soft, there were bred in it, it may be by the rajiid 
motion of the sun, many blisters, which in time 
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niAP. X. breaking, brought forth, like so many eggs, rfl 
Ofin.n.i»r«co. ^an^er of livinp: creatures great and small, whinli 
i*^"'''^. *^c. since it is grown hard it cannot do. What think 
you of it ? I' 

S. It is true that the earth produced the first 
living creatures of all sorts but man. For God. 
suid (Gen. i. 24), Let the earth produce every^ 
living creature^ caifU, and rrevjiinfr things Sfc^ 
But then again (ver. 25) it is said that God wad^~ 
the hcast of Hie earth, ^'e. So that it is evident 
that God gave unto the eartli that virtue. Which 
virtue must needs consist in motion, hetrause all 
generation is motion. But man, though the same 
day, was made afterward. 

A. Why hath not the earth the same virtue now.' 
Is not the sun the same as it was ? Or is there 
no earth now .(;oft enough r || 

B. Ves. And it may be the earth may yet pro- 
duce some very small living creatures : and jwrhaps 
male and female. For the smallest creatures which 
we take notice of, do engender, though they do 
not all by conjunction ; therefore if the earth ]iro- 
duce living creatures at this day, God did not 
absolutely rest from all his works on the seventh 
day, but (as it is chap. ii. 2) he rested Jrom ail 
the work he had made. And therefore it is no 
harm to think that God worketh still, and when 
Hud where antl what he pleaseth. Beside, it is 
very hard Ho believe, that to produce male and 
female, and all that belongs thereto, as also the 
several and curious organs of sense and memory, i 
could be the work of anything that had not under- 
standing. From whence, I think we may conclude, \ 
that whatsoever was made after the creation, was 
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a uew creature made by God no otherwise than the chap, x, 
first creatures were, excepting only man. co«ciudon. 

^^J. They are then in an error that think there 

^Be no more dift'erent kinds of animals in the world 

^Bw, than there were in the ark of Noah. 

^■J9. Yes, doubtless. For they have no text of 

^OTnpture from which it can be proved. 

A. The questions of nature which I could yet 
propound are innumerable. And since I cannot 
go through them, I must ^ve over somewhere, and 
nhv not here r For I have troubled you enough, 
though I hope you will forgive me. 

B. So God for^vc us both as we do one another. 
Rut forget not to take with you the demonstration 
of a straight line equal to an arc of a circle. 
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Dkscribe the square^ 
A B C U, and divide it 
by the diagonals A C and 
B D,as uliso hy the straight 
Unes E G, F H, meeting 
iu the centre I at right 
nnglcs, into four equal 
parts. Tlien with the^ 
radius A B descrilie tholH 
quadrant B D cutting E G in K, and the diagonal 
A C in L ; and so B L will be half the arc B D, equal 
to which we are to find a straight line. Divide 
I C into halves at M, aud draw B M cutting E G 
in a. I say B M is equal to the arc B L. Foi!^| 
the deiuouslratiou whereof we are to a.ssuine cer-^ 
tain known truths and dictates of common-sense. 

1. That the arc B K is the third part of the a 
B D, and consequently two-thirds of the arc B '. 
and B K to K L as two to one. 

2. That if a straight line he equal to the arc 
B L, and one end in B, the other will be some- 
where in I C, and higher than the point L. 

3. That wheresoever it be, two-thirds of it n 
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aire K L. 

4. That the arc of a quadrant described iii ^j^g"''"'*"*'™'' 
third part of the radius, or of E G, is equal to the 
third part of the arc B I), viz. to the arc IJ K. I 
vnny thcrufore call a third part of K O, the radius 
of B K ; aad a sixth part of E 0, the radius of tlie 
arc K L, &c. 
I^H 5. And lastly, that any straisrht linf drawn from 
PB til I C, if it lie equal tt> the arc H L, ii must cut 
I the half radius I G, whose quadrautal arc is B L, 
I into the proiwrtion of two to one. For as the 
whole arc to the whole £ G, so are the parU of it 
: to the parts of E G. 

I These premises granted, which 1 think cannot 
^■^ denied, I say again, that the straight line B M 
^% equal to the arc B L. 
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DEMONSTRATION. 

Because B I is to I M, by construction, as two 
to one, and the line I G divides the angle B I C in 
c midst, B « will be to a M as two to one, that is 
say, as the arc B K to tlie arc K L. From the 
it M to the side B C erect a perpendicular M N. 
And 1>ecause C M is half C I, the line M N will be 
half G C ; and B N will be three-quarters of B C ; 
and the square of B M equal to ten squares of a 
quarter of B C ; and because B M is to B a as 
three to two, M N will be to a G as three to two. 
But M N is a quarter of E G, therefore a G is two- 
thirds of a quarter of EG; that is, one-third of 
G; that is, one-sixth of the whole E G. And 
a one-third of E G. Therefore I a is the radius 
of the arc B K ; and a G the radius of the arc 
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K L; and E G the rndins 
of the whole arc B L D. 
I^nstly, if a straight line 
be drawn from B to auy 
other point of the line I C, 
though any line may be 
divided into the propor- 
tion of two to one, it shall 
not ]>ass through the point 
A, and therefore not divide the radius of B L, 
which is I G, into the proportion of two to one. 
Therefore no straiglit line can be drawn from B 
to I Cj except B M, so as to be equal to the arc 
B L. Therefore the straight line B M and the arc 
B L are equal. 

Hence it follows, that seeing the square of B M 
is equal to ten squares of a quarter of B C, that a 
straight line equal to the quadrantal arc 6 L D is 
equal to ten squares of half the radius, as I have 
divers ways demonstrated heretofore. 



SIX LESSONS 

TO THK 

PROFESSORS OF THE MATHEMATICS, 

ONE OF GEOMETRY, THE OTHEB OF ASTRONOMY, 

IN THE CHAIRS SET UP BY THE NOBLE AND LEARNED 

SIR HENRY SAVILE, IN THE UNIVERSITY 

OF OXFORD. 



TO THE RIGHT HONOURABLE 

HENRY LORD PIERREPONT, 

VISCOUNT NEWARK. KAHL OF KINGSTON, ANU 
MAKQCIS OF DORCHESTBK. 



My most noblr Lord, 
Not knowing on my own part any cause of the 
favour your Lordship has been pleased to express 
towards me, miless it b« the principles, mctltod, 
and manners you have observed and approved in 
itoy writings j and seeing these have all been very 
Ixiuch reprehended by men, to whom the name of 
J>ubUc professors hath procured reputation in the 
tiTUversity of Oxford, I thought it would be a for- 
feiture of your Lordship's good opinion, not to 
Justify myself in public also against them, which, 
■v\hether I have sufficiently performed or not in 
'kho six following [^.sf^oiis addressed to the same 
{>rofessors, I humbly pray your Lordship to con- 
sider. The volume itself is too small to be offered 
t:o you as a present, but to be brought before you 
x*s a controversy it is perhaps the better for being 
short. Of arts, some are demonstrable, others 
Indemonstrable; and demonstrable are those the 
construction of the subject whereof is in the power 
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)f the artist himself, who, in his demonstration, 
loes no more but deduce the consequences of hts 

'own operation. The reason whereof is this, that^ 
the science of every subject is derived from a pre-" 
cognition of the causes^ generation, and construc- 

ttion uf the same ; and consequently where the 
causes are kuown, there is place for demonstration, 
but not where the causes are to seek for. Geometry 
therefore is demonstrable, for the lines and figures 
from which we reason are drawn and described] 
by ourselves ; and civil philosophy is demonstrable,] 
because we make the commonwealth ourselv* 

[But because of natural bodies we know not thi 
construction, but seek it from the effects, thcr« 
lies no demonstration of what the causes be wa] 
seek for, but only of what they may be. 

And where there is place for demonstration, if 
the first principles, that is to say, the defiuitiont| 
contain not the generation of the subject, tliere 
can be nothing demonstrated as it ought to be. 
And this in the three first definitions of Euclid 
sufficiently appeareth. For seeing he maketh not, 
nor could make any use of them in his demoustra.^ 
tions, they ought not to be numbered among theV 
principles of geometry. And Sextus Emptricus 
maketh use of them (misunderstood, yet so under-fl 
stood as the said professors understand them) to 
the overthrow of that so much renowned evidence 
of geometry. In that part therefore of my bool 

jrhere I treat of geometr)-, I thought it neccssai 
my definitions to express those motions bj 
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which lines, superficies, solids, and figures, were 
drawn and described, little expecting that any 
professor of geometr)- t^hould find fault therewith, 
but on the contrary supposing^ I mi|;ht thereby 
not only avoid the cavils of the sceptics, but also 
demonstrate divers propositions which ou other 
principles are indemonstrable. And truly, if you 
shall find those my principles of motion made good, 
you shall find also that I have added something to 
that which was formerly extant in geometry. 

For first, from the seventh chapter of my book 
De Corpori'f to the thirtfenth, I have rectified 
and explained the principles of the science; id e»ty 
I have done that business for which Dr. WalUs re- 
ceives the wages. In the seventh, I have exhibited 
and demonstrated the proportion of the parabola 
and parabolasters to the parallelograms of the 
same height and base ; which, though some of the 
propositions were extant without that demonstra- 
tion, were never before demonstrated, nor are by 
any other than this method demonstrable. 

In the eighteenth, as it is now in English, I 
have demonstrated, for anything]; I yet perceive, 
equation between the crooked line of a parabola 
or any parabolastcr and a straight line. 

In the twenty-third I have exhibited the centre 
of graWty of any sector of a sphere. 

I^astly, the twenty-fourth, which is of the nature 
of refraction and reflection, is almost all new. 

But your Lt)rdship will a.sk me what 1 have 
done in the twentieth, about the quadrature of 
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the circle. Truly, my Lord, uot much more than 
before. I have let stand there that which I did 
before condemn, not that I think it exact, but partly 
because the division of angles may be more exactly 
{lerforiued by tt than by any urgauical way what- 
soever ; and I have attempted the same by another 
method, which secmeth to me very natural, but of 
calculation diflicult and slippery. 1 call them only 
aggressions, retaining nevertheless the formal man- 
ner of assertion used in demonstration. For I dare 
not use such a doubtful word as ridetur, because 
the professors are presently ready to oppose me 
with a videtur quod non. Nor am 1 willing to 
leave those aggressions out, but rather to try if it 
may be made pass for lawful, (in spite of them that 
seek honour, not from their own performances, but 
from other men's fallings), amongst many difficult 
undertakings carried through at once to leave one 
and the greatest for a time behind ; and partly be- 
cause the method is such as may hereafter ^ve 
farther light to the finding out of the exact truth. 
But the principles of the professors that repre- 
hend these of mine, arc some of them so void of 
sense, that a man at the Erst hearing, whether 
geometrician or not geometrician, must abhor 
them. As for example : 

1. That two equal proportions are not double 
tt) one of the same proportions. 

2. That a proportion is double, triple, &c. of a 
number, but not of a proportion. 

3. That the same body, without adding to it, or 
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takiug from it, is sometimes greater^ and some- 
times less. 

4. Tliat a quantity may grow less and less eter- 
nally, so OS at Ia.st to be equal to another quan- 
tity ; or, which is all one, that there is a last in 
eternity. 

5. That the nature of an angle consisteth in 
that which lies between the lines that comprehend 
the angle in the very point of their concourse, 
that is to say, an auf^Ie is the superficies which 
lies between tlie two points which touch, or, as 
they understand a point, the superficies that lies 
between the two nothings which touch. 

6. That the quotient is the proportion of the 
division to the dividend. 

Upon tliese and some such other principles is 
grounded all that Dr. Wallis has said, not only in his 
Elenchui of my geometry, but also in his treatises 
of the Angle ^ Coutact^ and in his Arithmetiea 
Jpjinitorum; which two last I have here in two or 
three leaves wholly and clearly confuted. And 
I verily l>elieve that since tlie 1>eg)nning of the 
world, there has not been, nor ever shall be, so 
much absurdity written in geometry, as is to be 
found in those books of his ; with which there is 
so much presumption joined, that an aVo«;ara««<»tc 
of the like conjunction cannot be expected in less 
than a Platonic year. The caui^e whereof I imagine 
to be this, that he mistook the study of aymboU 
for the study of geomefiy^ and thought symbolical 
writing^ tn be a new kind of method, and other 




Id" 



iea*s demonstrations set down iu symbols ne 
demonstrations. The way of analysis by squares, 
cubes, &c., is very ancient, and useful for the find 
ing out wliatsoever is contained in the nature an 

t generation of rcctangled planes, which also may 
be found without it, and was at the highest in 
Vieta i bat I never saw anything added thereby 
to the science of geometry, as being a way wherein 
men go round from the equality of rectangled 
planes to the equality of proportion, and thence ^ 
I again to the equality of rectangled planes, whereiQfl 
Bthe symbols serve only to make men go faster 

about, as greater wind to a windmill. ^M 

H It is in sciences as in plants ; growth and branch- 

^Bing is but the generation of the root continued; 

"nor is the invention of theorems anything else but 

the knowledge of the construction of the subject 

prosecuted. The unsoundness of the branches areJl 

I no prejudice to the roots, nor the faults of theo- 
rems to the principles. And active principles will 
correct false theorems if the reasoning be good; 
but no logic iu the world is good enough to draw 
evidence out of false or unactive principles. But 
I detain your Lordship too long. For all this will 
be much more manifest in the following discoursesjH 
Hwherein I have not only explained and rectified 
many of the most important principles of geometry, 
but also by the examples of those errors which 
have been committed by my reprehendcrs, made 

ethe evil consequence of the principles 
r proceed on. So that it is not only 
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my own defence tlmt I here bring before you, 
but also a positive doctrine concerning the true 
grounds, or rather atoms of geometry, which I dare 
only say are very sin^lar, but whether they be 
very good or not, I submit to your Lordship's 
judgment. And .seeing ytm have been pleased to 
bestow so much time, with great success, in the 
reading of what has been written by other men in 
all kinds of learning, I humbly pray your Lordship 
to bestow also a little time upon the reading of 
these few and short lessons ; and if your Lordship 
find them agreeable to your reason and judgment, 
let me, notwitltstanding the clamour of my adver- 
saries, be continued in your good opinion, and still 
retain the Iionour of being, 

My most noble Lord, 

Your Lordship's most 

humble and obliged servant, 

Thomas IIobbrs. 



Umdox, Juim 10, I65& 




THE PRTNCTPLES OF GEOMETRY, &c. 
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LESSON I. 

I SUPPOSE, most egrepous professors, you know lesson t. 

4lrpady that by geometry, though the word im- „f„„ ^-.d w 

port no more but the measuring of land, is uuder- •■lar^iMuj^ke. 

stood DO less the measuring of all other quantity 
than that of bodies. And though the definition 
of geometry serve not for proof, nor enter into 
any geometrical demonstration, yet for under- 
standing of the principles of the science, and for a 
nde to judge by, who is a geometrician, and who 
h not, I hold it necessary to begin therewith. 

Geometry is the science of determining the 
quantity of anything, not measured, by comparing 
il with some other quantity or quantities mea- 
sured. Which science therefore whosoever shall 
go about to teach, mnst first be able to tell his 
disciple what measuring or dimension is ; by what 
each ficveral kind of quantity is measured ; what 
quantity is, and what are the several kinds thereof. 
Therefore as they, who haudte anyone part of geo- 
metry, determine by definition the signification of 
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I.R8SON I. every word which they make the subject or predS-fi- 

oru«priiidpir. *^*^*^ ^^ ^"y theorem they undertake to demonstrat 
oipouMrtf;,*!:, so must he which iuteudeth to write a whole bod^ 
of geometry, deBne and determiue the meaning 
wluitsoever word belongeth to the whole scien 
The design of Euclid was to demoustrnte the pro 
pcrties of the five reji;ular bodies mentioned bj^ 
Plato ; in which demonstrations there was no nee 
to allege for argument the definition of (pianttty 
which it may be was the cause he hath not any- 
where defined it, but done what he undertool^*^ 
without it. And though having perpetually 
sioii to speak of measure, he hath not definei 
measure ; yet instead thereof he hath, in the be- 
ginning of his first elements, assumed an axiom 
which serveth his turn sufficiently as to the mea- 
sure of lines, which is the eighth axiom ; that those 
things which lie upon one another all the way 
((railed by him ifnp^uLpi'Ta) are e(]ual. Which 
axiom is nothing else but a description of the art 
of measuring length and superficies. For this 
t^/)/io<Tiv can have no place in solid bodies, unless 
two bodies could at the same time be in one place. 
But amongst the principles of geometry universal, 
the definitions are necessary, both of quantity and 
dimensions. 

Quantity is that which is signified by what we 
answer to bim that asketb, how much any thing 
is ? and thereby determine the magnitude thereof. 
For magnitude being a word indefinite, if a man 
ask of a thing, qiianium est ? that is, how muck it 
is, wc do not satisfy luni by saying it is magni- 
tude or quantity, but by saying it is tantum^ so 
much. And they th«t first called it io Greek, 
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viiAuor«C) and in Litin qumi/ifi/, mip^lit more pro- lfssox i. 
pprly have called it in Latin tanthy, and in Greek ^~^ aiio*-. 
rqAuomc ; and we, if we allowed ourselves the elo- rf|{»o«'«n'.*t 
quence of ihe Greeks and Latins, should call it 
the xo-muchness. 

There is therefore to everything concerning 
which a man may ask witliont absurdity, hotv 
much it h, a certain quantity belonging, determin- 
ing the mfigtiitude to be Jto murh. Also wbereso- 
«ver there is more and iess, there is one kind of 
qnantity or other. And first there is the quantity 
of bodies, and thai of three kinds : length, which is 
by one way of measuring ; supeiiicies, made of the 
complication of two lengths, or the measure taken 
two ways ; mid solid, which is the complication of 
three lengths, or of the measure taken three ways, 
for breadth or thickness are bnt other lengths. 
And the science of geometry, so far forth as it 
contemplateth bodies only, is no more but by mea- 
mring the leiigtli of one or more lines, and by tlie 
position of others known in one and the same 
Ggnre, to determine by ratiocination, bow much is 
the superficies; and by measuring length, breadth, 
and thickness, to determine the quantity of the 
trhole body. Of this kind of magnitudes and 
()natitities the subject is body. 

And because for the computing of the magni- 
tudes of bodies, it is not necessary that the bodies 
themselves should be jiresent, the ideas and memory 
of them supplying their presence, we reckon upon 
lbo«e imaginary bodies, which are the quantities 
themwlves, and say the length is so great, the 
h so great, &c. which in truth is no better 
) iiay the length is so long, or the breadth so 

VII. o 
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LESSON I. broad. &c. But in the mind of an intelligent raai 
-„,, ' -" it breedeth no mistake. 

•<b«wh.ut,*c. Besides the quantity of bodies, there is a qnan 

tity of time. For seeing men, without absurdity 
do ask how much it is ; by answering tantum, * 
much, they make manifest there is a quantity that^ 
belongeth unto time, namely, a length. And be — ^ 
cause length cannot be an accident of time, whic 
^ is itself an accident, it is the accident of a body ^ 
and consequently the length of the time, is th 
length of the body ; by which length or line, w 
determine how much the time is, supposing some- 
body to be moved over It. 

Also we not impro]>erly ask with how much swift- 
ness a body is moved ; and consequently there is 
a quantity of motion or swiftness, and the me4isure 
of that quantity is also a line. But then again, we 
must suppose another motion, which determineth 
the time of the former. Also of force, there is a 
question of hoie muchy which is to be answered by 
so much ; that is, by quantity. If the force con- 
sist in swiftness, the determination is the same 
with that of swiftness, namely, by a line ; if in 
swiftness and quantity of body jointlj', then by a 
line and a solid ; or if in quantity of body only, 
as weight, by a solid only. 

So also is number quantity ; but in no other 
sense than as a line is quantity divided ioto equal 
jMirts. 

Of an angle, which is of two lines whatsoever 
they be, meeting in one point, the digression or 
openness in other points, it may be asked how great 
is that digression ? This ciuestimi is answered also 
by quantity. An angle therefore halh quantity. 
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though it be not the subject of quantity ; for the lkssos r. 
botly only can be the subject, in which body those .^T^T'T, 
straddhnfi^ unes are marked. ■rfBM»«*jy,*«. 

And because two lines may be made to diraricate 
by two causes ; one, when having one end common 
and immoveable, they depart one from another at 
other ends circularly, and tlii!> U c^alled i^imply 
angle ; and the quantity thereof is the quantity 
of the arch, which the two lines intercept. 

The other cause is the bendiug^ of a straight 
line into a circular or other crooked line, till it 
touch the place of the same line, whilst it was 
straight, in one only point. And this is called an 
angle of contingCDCc. And because the more it is 
bent, the more it digrcsscth from the tangent, it 
may be asked how much more ? And therefore the 
answer must be made by quantity ; and conse- 
quently an angle of contiugence hath its quantity 
as well as that which is called iiim]>ly an angle. 
And in ca.se the dtgre.ssion of two such crooked 
lines from the tangent be uniform, as in circles, the 
quantity of their digression may be determined. 
For, if a straight line be drawn from the point of 
contact, the digression of the lesser circle will be 
to the digression of the greater circle, as the part 
of the line drawn from the jmint of contact, and 
iatcrcepted by the circumference of the greater 
circle is to the part of the same line intercepted 
by the circumference of the lesser circle, or, which 
is alt one, as the greater radius is to the lesser 
radias. You may guess by this what will become 
of that part of your last book, where you handle 
the question of the quantity of an angle of con- 
tingence. 

o 2 
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sssoN T. Also tliere lieth a question of how muck e 
loruirpriutipj™ porativehj one magnitude is to another magnitude -^s, 
fR»™n»iry.fcc. as \^Qy,- niucli watcv is in a tun in respect of tU^^-i6 
ocean, how much in respect of a pint ; littfe in the=^ 4 
first respect, much in the latter. Therefore the^v-^ 
answer must be made by some respective quantity.. ~^ 

This respective quantity is called rrt//o and proper ". 

tion, and is determined by the quantity of their-^ i 
differences ; and if their differences be comparcd.E:^ 
also with the quantities themselves that differ, ilc»'J 
is called simply propf>rtiou, or proportion geome- 
trical. But if the differences be not so compared, 
then it is called proportion arithmetical. And 
where the difference is none, there is no quantity 
of the proportion, which in this case is but a bare 
comparison. 

Also concerning heat, light, and divers other 
qualities, which have degrees, there lieth a ques- 
tion of how murh, to be answered by a so much, 
and consequently they have their quantities, though 
the same with the tpiantity of swiftness : because 
the intensions and remissions of such qualities are 
but the intensions and remissions of the smfhiess 
of that motion by which the agent produceth such 
a quality. And as quantity may be considered in 
all the operations of nature, so also doth geometry 
run quite through the whole body of natural phi- 
losophy. 

To the principles of geometry the definition ap- 
pertaineth also of a ineaJture^ which is this, one 
rjuatftiJi/ fs the nwaxurc of another quantity, when 
it. Of the muitipU of it, is coincidcHt in aU points 
with ike other quantity. In which definition, in- 
stead of that f(papfinyn of Euclid, 1 put coincidence. 
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For the superposition of quantities^ by which they lrsson r. 
render the word ifapftoyt), eatiiiotbe understood of .^"T VT ' 
bodies, l)ut only of lines and superficies. Never- <>'r«nrtn'.*«- 
cheless many bodies may be coincident successively 
with one and the same place, and that place will 
be their measure, as we see practised continually , 

in the measuring of liquid bodies, which art of 
measurinff may properly be called i<f«'i/>""<"t, but 
not sujK-rposition. 

Also the definitions of greater^ leas, and equal, 
are necessary principles of geometry. For it can- 
not be imagined than any geometrician should 
tlemonstntte to us the equality and inetiuality of 
maguitude«t, except he tell us first what those 
words do signify. And it is a wonder to me, that 
Euclid hath not anywhere defined what are etpials, 
or at least, what are equal bodies, but serveth his 
turn throughout with that fovementioned ifapftaaui^ 
which hath no place in solids, nor in time, nor iu 
swiftness, nor in circular, or other crooked lines ; 
and therefore no wonder to me, why geometry 
hath not proceeded to the calculation neither of 
crooked lines, nor sufficiently of motion^ nor of 
many other tliiugs, that have proportion to one 
another. 

Equal bodies, superficies, and lines, are those of 
which every uue is capable of being coincident 
with the place of every one of the rest : and 
equal times, wherein with one and the same mo- 
tion equal lines arc described. And equally swift 
are those motions by which we run over equal 
spares in any time determined by any other mo- 
tion. And nniversolly all quantities are equal, 
that are measured by the same number of the 
same measures. 



:.Esso.N I. It is necessary also to the science of geometry-_ 
mu,r,,r«,Hi!iM ^^ define what quantitiei; are of one and the sames 
irfg»c»n«.tr;,±r kuid, whicli thc)' Tall honwgrneous, ihe want oft 
-vrhieli definitions hath prodnceH those wran^lin^ 
(which your book De A/if^u/o Contactus will not 
make to cease) ahout the angle of {•onnng:euce. 

Iloiaogetieom c|uantities are those whinh may 

be compared by {i^ap^toair) application of their mea 

sures to one another ; so that solids and superficies, 
are heterogeneous quantities, because there is no 
coincidence or application of those two dimensions. 

No more is there of line and superficicSj nor of 
line and solid, which are therefore heterog:eneous. 
But lines and lines, superficies and superficies, 
solids f.\A solids, are homog^eneous. 

Homogeneous also are line, and the quantity of 
time ; because the quantity of time is measured 
by the application of a line to a line ; for though 
time be no line, yet the quantity of time is a line, 
and the length of two times is compared by the 
length of two Hues. 

Weight and solid have their qiiantity homoge- 
neous, because they measure one another by ap- 
plication, to the beam of a balance. Line and 
angle simply so called, have their quantity homoge- 
neous, because their measure is an arch or arches 
of a circle applicable in every point to one another. 

The quantity of an angle simply so called, and 
the quantity of an angle of contingence are hete- 
rogeneous. For the measures by which two angles 
simply so called are compared, are in two coinci- 
dent arches of the sfime circle ; but the measure 
by which an angle of cniitingence is measured, is 
a straight line intercepted between the point of 



ooDtact and the circumference of the circle ; and lesson i. 
Uierefore one of them is not applicable to the — • — ' 
Other ; and consequently of these two sorts of au- *>rsecm>vj.i^ 
gles the quantities are heterogeneous. The quanti- 
ties of two angles of contiugeune are homogeneous; 
for they may be measured by the i^apptwitq of two 
lines, whereof one extreme is common, namely, 
the point of coutact, the other extreuies are in the 
arches of the two circles. 

Besides this knowledge of what is quantity and 
meosnre, and their several sorts, it behoveth a 
geomeirioian to know why, and of what, they are 
called principles. For not every proposition that 
b evident is therefore a principle. A principle is 
the b^inutng of something. And because defini- 
tions arc the beginnings or first propositions of 
demonstration, they are therefore called principles, 
principles, I say, of demonstration. But there be 
also necessary to the teaching of geometry other 
principles, which are not the begiuuings of de- 
monstration, but of construction, commonly called 
petitions ; as that it may be granted that a man 
am draw a straight fine, and produce it ; anil 
with any radius, on any centre desrrihe a circle, 
and the like. For that a man may be able to de- 
scribe a square, he must first be able to draw a 
straight line ; and before he can describe an e<tui- 
lateral triangle, he must be able first to describe a 
circle. And these petitions are therefore properly 
called principles, not of demonstration, but of ope- 
ration. As for the commonly received third sort 
of principles, called common notions^ they are prin- 
ciples, oidy by permission of him that is the disci- 
ple ; who being ingenuous, and coming not to cavil 
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LESSON I. but to learn, is content to receive them, 
.W.W. '■ j_ demonstrable, witbout their demonstratioi 
•Tgann**!]',**. though definitions be tbe only principle 
monstration, yet it is not true that every d 
is a principle. For a man may so precise 
termine the signification of a word as ui 
mistaken, yet may bis de&iition be such 
never serve for proof of any theorem, ] 
enter into any demonstration, such as are 
the definitions of Euclid, and conseqneutl 
no l>eginniiigs of demonstration. Chat is U 
principles. 

All that hitherto bath been sa.id, is s 
and easy to be understood, that you cana 
egregious professors, without discovering 
norance to all men of reason, though no g 
cians, deny it. And the same (saving 
words are all to be found in dictioiiarie 
also to him that means to leam, not only t 
tice, but also the science of geometry m 
and, though it grieve you, mine. And noi 
to tbe definitions of Euclid. 

The first is of a point : Sii^kcov, &c. "Si^ 
cuju£ est jHtrs nulla" that is to say, a mat 
of which there is no part. Wbieli defiui 
only to a candid, but also to a rigid com 
sound and useful. But to one that nei 
interpret candidly, nor can interpret acct 
neither useful nor tnie. Tlieologers say 
hath uo part, and that an angel bath no | 
do not think that soul or augcl is a 
mark or as some put instead of it iri-y^ii, 
mark with n hot iron, is visible ; if visib 
hath quantity, and consequently may 



PRINCIPLES. 



201 



into parts innumerable. That which is indivisible lesson i. 
is DO quantity ; and if a point be not quantity, ^^^ 

;ing it is neither substance nor quality, it is«ritM«.puy,*«7 
tiotbing. And if KucUd had meant It so in his 
definition, as you pretend he did, he might have 
defined it more brieBy, but ridiculously, thus, a 
jMint is nothing. Sir Henry Savile was better 
pleased with the candid interpretation of Prot^lus, 
that would have it understood respectively to the 
matter of geometry. But wlmt ineaneth this re- 
jijK^ctitchj to the matter of geonuflnj? It meaiieth 
this^ that no ar^umeut in any geometrical demon- 
stration should he taken from the division, quantity, 
or any part of n point ; which is as much as to 
»ay, a point is that whose quantity is not drawn 
into the demonstration of any Kcomelrical conclu- 
sioQ ; or, which is all one, whose quantity is not 
considered, 

An accurate interpreter might make good the 
(Iffiuiiion thus, a point is that tvhirh ix undivided; 
Mid this is properly the same with citjus non est 
para : for there is a great difference between un- 
'iitified and iuditisUde^ that is, betweeu cnjus non 
wV /iffivs, and ctijus mm potest esse parx. Division 
is an act of the under.standiug ; the understanding 
K therefore that which maketh parts, and there is 
"» part where there is no consideration but of one. 
Arij consequently Euclid's definition of a point is 
accurately true, and the same with mine, which is, 
'hat a point is that body whose (ptaiUittj is not con- 
sidered. And considered is that, as I have defined 
itrhap. I. at the end of the third article, which is 
'i"t ]itit to account in demonstration. 
Kuclid therefore seenieth not to be of your 
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LESSON I. opinion, tliat say a point is nothing. Bat nliy 
t.7^^, then doth he never use this definition in the de- 

Ul llispnncrplni 

«tpon,MTy,kK. Qioustration of any proposition ? Whetlicr he useth 
it expressly or no, I remember not ; but the six- 
teenth proposition of the third book without the 
foree of this definition is un demonstrated. 

The second dc6nitiou is of a Hne : ypafifiH « 
/iflftic hwXnris. *' Linca est longitudo latitudmis ex- 
pers; a fine is icngtk ickick hath no brcadih " 
and if candidly interpreted, sound enough, though 
rigorously uot so. For to what purpose is it to 
say length not broad, when there is no such thing 
as a broad length. One path may be broader 
than another y»ath, but not one mile than another 
mile ; and it is not the path but the mile which is 
the way's lenc^th. If therefore a man have any 
ingenuity he will understand it thus, tliaf a line 
i-i a body whose length is considered iciihout its 
breadth^ else we must say absurdly a brand length; 
or untruly, that there be bodies which have length 
and yet no breadth; and this is the very sense 
which Apollouius, saith Prochis, makes of this de- 
finition ; " when we measure," says he, " the length 
of a way, we take not in the breadth or depth, but 
consider only one dimension," See this of Proclus 
cited by Sir Henry Savile, where you shall find 
the very word consider. 

The fourth definition is of a straight line, thus 
'EuOi7a Tpoppij !«»•,&€. "Hecta tinea est qtuv ex retina 
sua ipsitts puncta inter jacet.'* A straight line is 
that which lieth equally (or ^yerlmps er^.idy) he- 
ticeen its otrn points. This definition is iuex('usable. 
Between what points of its own can a straight tine 
lie but between its extremes? And how lies it 



evenly between them, nnless it swerve no more lesson r. 

from some other line which hath the same «- „,~;;^^;;^j,^ 

Iwmes, one way tliaii another? And then why «* «•«■«»?.*«■ 

are not between the same points buth the lines 

ttraight ? How bitterly, and with what insipid 

jt»ts would you have reviled Euclid for this, if 

living now he had written a Leftathan. And yet 

thvre is somewhat in this definition to help a man, 

001 only to conceive the nature of a straight line 

(for who doth not coneeive it?) but also to express 

it. For he meaut perhaps to call a straiglit line 

tbnt which is all the way from one extreme to 

another, equally distant from any two or more 

soch lines as being like and e(|ual have the same 

cnremes. So the axis of the earth is all the way 

«|nally distant from the circumference of any Tavo 

or more meridians. But then before lie had de- 

lined a straight Hue, he should have defined wliat 

Hoes are like, and what arc equal. But it had 

bfftii l»est of all, first to have defined crooked lines, 

by the possibility of a deduction or setting further 

teiinder of their extremes ; and then straight lines, 

by the impossibility of the same. 

The seventh dffinitiou, which is that of a plain 
soperficies, hath tlic i^ame faults. 

The eighth is of a plane angle, 'F.irJir.iot y^t-in 
wir If iv iir(ri7«, &c. *^Atigufus planus eat duarum 
lineartim hi piano se niutuo tanf^cntium, rt non in 
dtrec/umjacetitium,alteriit.t ad alteram htcliHatio" 
A filane angle ia the inclination one towards 
another of tico lines that touch one another in the 
M(tnw plane, and lie not in the tame straight line. 
Besides tJie faults here observed by Sir Henry 
Savile, as the clause of not lyiug in the same 




>N I, Straight line, and tlie obscnrity or equivocation of 
orUi-prirri w ^^^ word inclinfifion, there is yet anotlier, which 
riwinwiT. Ac. is, tliat by this dcfiuitiau two right angles together 
taken, are no angle ; which is a fault which you 
somewhere (asking leave to use the word an^/e, 
u»rnxjDiT«uH) acknowIcdj=je, but avoid not. For in 
j^ometry, where you confess tliere is required all 
possible accurateness, every KaTaxpn<"t is n fault. 
Besides you see by this definition, that EucUd is 
not of your, but of Clavius's opinion. For it is 
manifest that the two lines which contain an angle 
of contact incline one towards another, and come 
tof^ether in a point, aud Ue not in the same straight 
line, and consequently make an angle. ^ 

The thirteenth definition is exact, but makW 
fljl^inst your doctrine, that a point is nothing. 
Examine it. 'O^oc ct»>»- 5 rti-oc M wifac. " Tertninus est 
qtfoti aiicujus exlremum est" A term or hound h 
that which is the extreme of anything. We had 
before, the extremes of' a line are points. But 
what is in a line the extreme, but the first or last 
part^ though you may make that part as small as 
you will ? A point is therefore a part, and nothli 
is no extreme. 

The fotirteenth, Ix^f" '** >■* ^^ "**c n nySr 
TifMxt'yttroy. " Figura est (subaudi quantitas) qtt^ 
ah aliqno, vel aiif/tuhus termfnts undiifue confinetitr 
site ciauditur" A Jigiire is t^tanitty euutatHed 
tvithin some hound or hounds. Or shortly tbQS,^| 
Jiffure is quantity cr>cTy way determined, is in my 
opinion as exact a definition of a figure as can 
possibly be given, though it must not be so in 
yours. For this determination is the same thing 
vt\t\icircumscriptioH; and wlialsoever is anywht 
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(nlicttnqtie)(ie(inititt' is tliero also circumftcnpfhe; lesson i, 
aad by tbis means the distinction is lost, by which ,„,i„^„(i,,i„ 
theologers, when they deny God to be in anyplace, ••tffMotif.^*. 
Hive themselves from being accused of sayiup: he is 
iiDwhere ; for that which is nowhere is nothing, 
is definition of Kuclid cannot therefore possibly 

e embraced by you that carry double, namely, 
mathematics and theoloc^y. For if you reject it, 
you will be east out of all mathenintie schools ; 
and if you niaiutmn it, from the society of all 
school-divines, and lose the thanks of the favour 
you have shown (you the astronomer) to Bishop 
Bramhall. 

The 6fteenth is of a circle. KokXw Wt a\nttti inin- 
<ov, &c. A circle is n platN Jignre coin pre hvtuh'd htj 
line which is called the circtitiiferrnce, to which 

XTcumference all the struif^ht lines drawn from 
ORe of the poittts ivitltin thejigure are equal to one 
another. Tlus is true. But if a mau had never 
s«en the generation of a circle by the motion of a 
compass or other equivalent means, it would have 
been hard to persuade him that there was any 
such figure possible. It had been therefore not 
amiss first to have let him sec that such a figure 
might be described. Therefore so much of geo- 
metry is no part of philosopliy, which seeketh the 
proper passions of all things in the generation of 
the things themselves. 

After the fifteenth till the last or thirty-fifth de- 
finition, all are most accurate, but the last which is 
this, parallel /straight lines are those which Iteing 
in the same plane, though injinitehj prodnced Imth 
icaySf shall never meet. Which is less accurate. 
For how shall a man know that there be straight 
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LESSON I. lines which shall never meet, though both ways 
uiL. principle. *"'*'"' '"■*^^y P'"«duccd.' Or how is the definition ol 
B«>™iiT.*c- parallels, that is, of lines perpetually equidistant, 
good, wherein the nature of equidistance is not 
signified ? Or if it were signified, why should it 
not comprehend as well the parallelism of circular 
and other crooked lines, as of straight, and as well 
of superficies, as of lines ? By parallels is meant 
equidistant hoth lines and superficies, and the word 
is therefore not well defined without defining first 
equality of distance. And because the distance 
between two lines or superficies, is the sliortest 
line that can join tliem, there either ought to be 
in the definition the shortest distance^ which is 
that of the per]iendicular and without iucUuatiou, 
or tlie distance in equal inclination, that is, in 
equal angles. Therefore if parallels be defined to 
be those lines or superficies, where the lines drawn 
from one to another in etiual angles be equal, the 
definition, as to like lines, or like su]ierficies, will 
be universal and convertible. And if wc add t* 
this definition, that the equal angles be drawn not: 
opposite ways, it will be absolute, and convertible 
in all lines and superficies ; and the definition will 
be this : parallels are those lines and stiperjicies^ 
between which eceri/ I'nw drawn, in any aug/e, m 
equal to any other line drawn in the same augl^ 
the same way. For by this definition the distance 
between them will perjietually be equal, and con- 
sequently they will never come nearer together, 
how much, or which way soever they be produced 
And the converse of it wiU be also true, {f tvo 
fines, or two supeijicies he parallel, and a straight 
line he drawn from one to the other, any other 





straight line, drawn from one to the other in the [.f.sson 
same angle, atul the name way, will he equal to it. oruutp'rmopJw 
Thi8 is manifestly true, and, most egregious pro-"'8~™«^' 
feasors, new, at least to you. 

Aud thus much for the definitions placed before 
the first of Kticlid's Elements. 

Before the third of his Elements is this de- 
finition : " /« circtilo a-f/uaiiter (/ixtare a centra 
rerta^ linear iHcuntur, cum jterjieiKliculares qua 
a ctntro in ipsas dttcuntur stmt cequaies." Ih a 
rircfe tteo straight lines arc said to be equally 
distant from the centre^ upon which the perpen- 
diculars drawn from the centre are equal. This 
istmc ; but it is rather an axiom than a definition, 
as being demonstrable that the perpendicular is 
the measure of the distance between a point and 
& straight or a crooked line. 

Before the fifth Element the first definition is of 
a part : Parit est magnitudo magnitudinix, minor 
vtqjorisy cum minor metitur majorem. A part is 
one magnitude of another ^ the less of the greater^ 
vhen the less mcasureth the greater. From which 
definition it foUoweth, that more tlian a half is not 
apart of the whole. But because Euclid meaneth 
here an aliquot part, as a half, a tliird, or a fourth, 
he., it may pass for the definition of a measure 
onder the name of part, as thus : a measure is a 
part of the ichole, when multiplied it may he equal 
to t/ie whole, thoMgh properly a measure is external 
to the thing measured, and not the aliquot part 
itself, but equal to an idi(|uot jmrt. 

But the third definition is intolerable ; it is the 
definition of xriyot, in Latin ratio, in English, pro- 
portion, in this manner, KAyoi i«i iia ^tjtO^y Ofuryirif 7 




LESSON I. wii-Q rijXtKirrjra upt,^ 2X\tr\« iroia a\i9iK. '^Htltio Cst dtianuit 

ordieiirt..ri(*» *^o}<;nitudinum cjm{fem f^enerh tmtlua (purdam se- 
»'p»'Bt*rf-*"^ euTif/nm qnan/itaiem /lahiiado." Proportion U a 
certain mutual hnbitnde in quantity, of tu'o ma^i- 
tudes of the same kind, one to another. First, we 
have here igiiotum per ignotius; for every man tiii- 
dcrstandeth better what is meant by profmrtiou 
than by habitude. But it was the phrase of the 
Greeks when they named like proportions, to say, 
the first to the second, fl^i-uc f\t%, id est, ita sc hahet^ 
and in English, is as, the third to the fourth. As 
for example, in the proportions of two to four, and 
three to six, to say two to four, 5ura*i ?x*'. *fi cxt^ iia 
*e kabet. id est, ix as, three to six. From which 
phrase Euclid made this his definition of propor- 
tion by ir«a ffx'ff'c. which the I^atins translate (jH/edam 
kahitudo. Qutedam in a definition is a most cer- 
tain note of not understanding the word defined : 
and in Greek, tmU <rx'tf'c is much worse ; for to ren- 
der rightly the Greek delinition, we are to say in 
English, that proportion is a what-shall-I-call-it- 
isuesSy or soness of two magnitudes, &c. ; than 
which nothini; can be more unworthy of Enclid. 
It is as bad as anything was ever said in geometry 
by Oroiitius, or by Dr. Wallis. That proportion is 
quantity compared, that is to say, little or s,retX 
in respect of some other quantity, as I have ab<»k 
defined it, is I think intelligible. fl 

The fourth is, '\ra\ofla U l^v 7 rw \iytif oftoiAr^. 

"Proportio wro ext rationnm similitudo." Here we 
have no one word by which to render '\ra\,^Sa\ for 
our word proportion is already bestowed njMui the 
rendering of Xoyot. Nevertheless the Greek may 
be translated into EngHsh thus, iferafcd ]>rof)or- 
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fiotm. But itenitc-d projKirtiuii is tlie samr with ].t;3S0N' 
mit'm ratio. To wlmt purpose tljen serveth tlie 

i_ J o • • « - t ■ !• - tt Of lliiipniiM||ile* 

$1110 debniiioi), winch is oi eadcm ratio? |-or oftinm-u?. 
'K.ii\uyia luid eadem raiio and ximUitndu laliotmmy 
are the same thing, as appt^uretli by Euclid bim- 
self, wheir he defines tliose fiuantitics, that are in 
the samp proportion by «.'i.\«y(„.. Therefore the 
^illth dffiuition is but a lemma, and assumed with- 
out flemoDstratioD. 

Tlie fourteputh," Compoxliio rafionlx est suiuptio 
mtrr/'fffuttx rum vonji('fjiie»tf^ ceii uiiiuxy ad tpanm 
rotixcf/ifeniem^'" To compound proportion, ix to 
Ish hath tmteccdi'tit and coasequcnt together an 
ifne wa'^nitra/e, and compare it In the cartseeptrtit, 
is good ; tliough hti uii^ht have compared it as well 
N\itli the jiiitc'cedent ; for both ways it had been 
a mmpoi^iiioii of proportion. We are to note here, 
tlial the eoniposition defined in this place by Euclid 
is not adding toffether of proportions, but of two 
'^iiautities that have proportion. And therefore 
'tU not the same composition which he defineth 
I in the fourtli place before the sixth element, for 
1 tWre he defineth the addition of one proportion 
^^0 another jiruportinn in this manner : Xayot. it Uy>^,' 
^^k^niVfai Aiyimt. &c. // proportioti IS xai(l to he 
T^^omponnded of proportions , whon tJieir fjuantitien 
\ ^Mltiplied into one another make a proportion ; 
I ^"-fthcn we would compound or add together the 
I proportions of three to two, and of four to five, 
^ must multi))ly three and four, which niaketh 
twelve, and two and five, which maketh ten. And 
Hmi the proportion of twelve to ten is the sum of 
•lie pru|>ortions of three to two, and of four to 
^I'c, which is true, but not a df-fiuition ; fur it may 
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Lr.ssoN I. ftnri ought to be demoiistraleii. For to defin 
ottw ^i^w ''^'^^^^ *** addition of two proportions (which ai 
«r«rm«rirr.*c alwuys in four quantities, though sometimes on 
of them be twiee named) we are u* say, thn 
they are then added together when we make th 
second to another in the same proportion, which 
the third hath to the fourth. 

And thus much of the dehnitions ; of whichd 
some, very few, you see are faulty ; the re«t eithen 
accurate, or good enough if well interpreted.— 
For the rest of the elements all arc accurate, not— 
witlmtauding that you allow not for gt>od any^ 
definition in geometry that hath in it the wonl ^ 
ittotion, of which there be divers before the eleventli 
Element. But 1 must here put you in mind, that '• 
geometry being a science, and all science proceed- 
ing from a precognition of causes, the definition of 
a sphere, and also of a circle, by the generation of 
it, that is to say, by motion, is better than by the 
equality of distance from a point within. 

The second sort of principles are those of con- 
struction, usually called postalnta, or petitions. 
As for those noliviiex communes^ railed axioau, 
tliey are from the definitions of their terms de- 
monstrable, though they be so evident a^ they 
need not demonstration. These petitions are by 
Euclid called "A.r.j^nro, such as are granted by 
favour, that is, simply petitions, whereas by axiom 
is understood that which is claimed as due. So 
that between 'Aitw^ia and A/nj/in there is this other 
difference, that this latter is simply a petition, the 
former a petition of right. 

Of petitions simply, the first is, l/tat from any 
point to itmj point mat/ be dratctt a sfraif^ht line. 




The seronci, fhnt a JiuUr Kirnighl line matj he lesson i. 
prtfduced. T\w tliird, //lai upon aitif mitre at orth<>i^«.di 
any di^tanre may he described a circle. All which <a «*«*«'^.i*- 
arc both evident and uecesaary to he granted. 

And by nil these a man may easily pereeive that 
Euclid iu the definitions of a point, a line, and a 
mperficie?, did not intend that a point shoiild be 
nothing, or a line be without hititude, or a super- 
ficies without thickness ; for if he did, his petitions 
we not only unreasonable to be granted, but altm 
impossible to be performed. For lines are not 
drawn but by motion, and motion is of body only. 
And therefore his meaning was, that the (pmntity 
of a point, the breadth of a line, and the thickness 
of ft superficies were not to be considered^ that is 
to say, not to be reckoned in the demonstration of 
any theorems concerning the quantity of ImkUcs, 
either iu length, superficies, or solid. 



OF THK FAULTS THAT OCCUR IN 
DEMONSTRATION. 

^TOR tuMR EaBSaiUUtt PROPElt»OKS Ot TUR HATIIKMATK'H IN 
THE UXIVKRSITV OF U.\yuai>. 

LESSON II. 

TflfRE be but two cau-ies from which can spring 
iiii wror in the demnnstrntion of any eonclusion in 
any wienoe whatsoever ; and those are ignorance 
^r want of understanding, and negligence. For 
"* iti the adding together of many and great num- 
'*r«, he iiautiot fail that knowetli the rules of 
^'iLliiion, and is also all the way so careful, as not 
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ESSONH. to mistake one imraber or one i>lace for another ;= 
so in any other science, he that is perfect in tbp= 
rules of logic, and is so watclifiil over his pen, as 
not to put one word for another, can never fail of^* mi 
making: a true, though not perhaps the shortest::* 
and easiest demonstration. 

The rules of demonstration are but of two kinds: = 
one, that the principleii be true and evident dcfini — 
tions ; the other, that the inferences be necessary. — 
And pf true and evident deftnitions, the best are -^^ 
those which declare the cause or generation or* 
that subject, whereof the proper passions arc to 
be demonstrated. For faience is that knowledge 
which is ilerived from the comprehension of the 
cause, lint when the cause appearetli not, then 
may, or rather most we define some known pro- 
perty of the subject, and firom thence derive some 
possible way, or ways, of the £:eneration. And the 
more ways of generation are explicated, the more 
easy will be the derivation of the properties; 
whereof some are more immediate to one, some 
to another generation. He therefore that pro- 
ceedeth from untrue, or not understood definitions, 
is ignorant of that he ^oes about ; which is an Ul- 
favonred fanlt, be the matter he undertaketh easy 
or difficult, because he was not forced to undergo 
a greater charge than he could carry through. 
But he that from right definitions maketh a false 
conclusion, erreth through human frailty, as being 
less awake, more troubled with other thoughts, or 
more in haste when he was in writing. Such 
faults, unless they be very frequent, are not at- 
tended with shame, as being common to all men, 
or are at least less ugly than the former, except 



then, when he that committcth them rcprehendeth i,rsson ii. 
tfce »ame in other men. For that is in every man or u«. f«,iu 
iiitoleriiWe, which he eannot tolerate in another. ""''•"■^■*''" 

dmuoiittrabiH) . 

Bat to the end that the faults of both kmos may 

by every man be well understood, it will not be 

amiss to examine them by some such dumoiistra- 

tions a^ are publicly extant. And for this purpose 

I will take such as are in mine and in your books, 

auii begin with your El^niclms of the geometry 

contained in ray book De Corpora : to which I 

will also join your book lately set forth concerning 

the Angle of Conlnct, Conic Sections, and your 

-4ritkmetipn hifiuUorum ; and then examine the 

■rest of my philosophy, and yours that o])puga it, 

Por I will take leave to consider you both every- 

*V"here a.s one author, bewiuse you publicly declare 

S'oiu" approbation of one another's doctrine. 

My first definition is of a line, of length, and of 
'* point. "The way," say I, "of a body moved, 
*U which magnitude (though it always have some 
•fta^itude) is not considered, is called a line ; and 
the space gone over by tliat motion, length, or one 
find a simple dimension." To this definition you 
s^jiy, first, *• what mathematician did ever thus de- 
fine a line or length ?" Whether you cjUI in others 
for help or testimony, it is not done like a geome- 
trician ; for they use not to prove their conclusions 
hy witnesses, but rely upon the strength of their 
own reason ; and when your witnesses appear, 
Ihey will not take your part. Secondly, you grant 
that what 1 say is true, but not a definition. But 
to tell you truly what it is which we call a line, is 
to define a line. Why then is not this a defini- 
tion ? " Because," say you in the fii-st place, " it 
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LESSON II. is not a reciprocal proposition." But by your 
favour it is reciprocal. For not only the way of a 
body whose quantity is not considered k a line, 
but also every line is, or may be conceived to be, 
the way of a body so moved. And if you object 
that there is a difference between i^ and mu^ fw 
conceived to ICy Euclid, whom you call to year aid, 
will be against you in the fourteenth definition 
before his eleventh Element ; where he deBues a 
sphere just a.s ct)nvertibly as I define a line : except 
you think the globes of the sun and stars cannot be 
globes, unJeis they were made by the circumduc- 
tion of a semicircle ; aud again in the eighteenths^ 
definition, which is of a cone, unless you admit ni 
figrure for a cone, which is not generated by thi 
revolution of a triangle : and again, in the tweii 
tieth definition, which is of a cylinder, except i 
be generated by the circumvolution of a iiarnHcl" 
gram. Euclid saw that what projwr passion soe^c 
should be derived from these his definitions, wouIczl^ 
be true of any other cylinder, sphere, or cone 
though it were otherwise generated ; and the de 
scription of the generation of any one being b 
the imagination applicable to all, which is etiuiva— 
lent to convertible, be did not believe that an 
rational man could be misled by learning logic t 
be offended with it. Therefore this exception pro 
ctHHieth from want of understanding, that is, fro 
ignorance of the nature, and use of a definition. 
Again, you object and ask : " What need is tbei 
of motion, or of body moved, to make a man un— — - 
derstaud what is a line r Are not lines in a bod^S 
at rest, a:* well as in a body moved ? And i* new * 
thi' distance of Iwu resting points length, as we&7 





PARALOGISMS. 2l5 

n die meosorc of the pasi^age r Is not )eng;th une lessdn ii. 
and a. iumple dimension, and one and a '^""P^'i oi^uiTfaliu' 
dimension line r Why then is not line and length *••«*« »» 
aJI oner"' See how imjwrtinent these questions 
arc, Enclid defines a sphere to be a solid figure 
described by the revolution of a semicircle about 
thf anmoved diameter. Why do you not ask, 
what need tliere is to the understanding of what a 
rphere is, to bring in the motion of a semicircle ? 
I« not a sphere to be understood without such 
t&otiun? Is not the fi^ire so made a sfihere with- 
out thiK motion r And where he defines the axis 
of a sphere to be that uumoved diameter, may uot 
you ask, whether there be no axis of a sphere, 
*^'lien the whole sphere, diameter and all, is in 
'•lotion } But it is not to my purpose to defend my 
*l*;fiiution by the examjile of that of ICuclid. There- 
fore first, I say, to me, howsoever it may be to 
others, it was lit to detine a line by motion. For 
^be generation of a line is the motion that dc- 
Scriljes it. And haviiif; deliued philusuphy in the 
^>c^nning, to be the knowledge of the pro]>erties 
^om the generation, it was fit to define it by its 
feneration. And to your question, tJt tiot tlistanee 
tength ? I answer, that though sometimes di»tance 
be equivalent to length, yet certainly the distance 
between the two ends of a thread wound up into 
a clue is not the length of the thread ; for the 
leitgth of the thread is equal to all the windings 
■U'hereof Uie clue is innde. But if you will needs 
have distance and lengtli to be all one, tell me of 
what the distance between any two points is the 
length- Is it not the length of the way r And 
bow is that called way, which is uot defined by 
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FssoN IT. some motion r And hare not several ways betwom 
the same phices, as by land and by water, several 
lengths } But they have but one distance, because 
the distance is the shortest way. Therefore be- 
tween the length of the path, and the distance ni 
phicejj, there is a real difference in thi.s ease, and 
in all cases a difference of the consideration. Yoiii 
objection, that line is longitude, proceeds from 
wntit of understanding English. Do men ever ask 
what is the line of a thread, or the line of a table, 
or of any other body ? Do they not always ask 
what is the length of it? And why, but ])ecaus« 
they use their own judgments, not yet corruptee 
by the subtlety of mistaken professors. EncUc 
defines u line to /w length withotd breuiUh. l 
those terms be all one, why said he not that a lim 
is a line tcitbotit breadth ? But what definition a 
a line give you } None. Be contented then witi 
such as you receive, and with tliis of miuc, wl 
you shall presently see is not amiss. 

Your next objections are to my definition o\ 
point. ^Vhich definition adheretli to the formei 
in these words, "and the body itself is called i 
point." Here again you c:dl for help : " Qui> 
utu/ttiim vwrtalittmy etc. W\\nX. mortal man, wha 
sober man, did ever so define a point r" It is well 
an<l 1 take it to be an honour to be the first tha 
do so. But what objection do you bring ngains 
it. This: "That a point adde<l to a [Miint, if i 
bave magnitude, makes it greater." I say it doti 
.so, but then presently it loseth the nuuie of i 
point, which name was given to signify that it wa 
not the meaning of him that used it in demoui^trs 
tu adil, subtract, multiply, divide, or any vi-a; 
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[•omiiute it. Then you come in wUh, " perhaps you lrsson it. 
will Miy thou^li it h.ive ma^^nitiule, that magnitude nr^jiii^ilj^ 
is not considered."* You need not say ufrAfliwf. ''''"^'"' ;•■ , 
You know I attirm it; nnn therefore your argu- 
mwil mij<ht liave been left out, but that it gave yoti 
an occasion of a digression into scurvy language. 

And whereas you nsk why I (h-tined nut a point 
thas: " Punctum cnt corpux tfimd nnn conxideratur 
ette corpuSy et maf^num quod non comideratur 
exse magnum^ I will tell you why. First, because 
it is not Latin. Secondly, because when 1 had de- 
fined it by corpus, there was no need to define 
it again by magnum. I nnderstand very well this 
lansiinge, " punctum est corpus, ipiod imn ra/isi- 
deratur ut corpuJt" A point is a body not con- 
wtlpred as btnly. But pnnffum est corpus, quod 
Mti eons tiler a tur esse corpus, md esse magnum^ is 
Hot Latin ; nor the version of it, a point is a hodtj 
tcJiich is not considered to he a itodify Knglish. 
My definition was, that a point is that body whose 
nogQitudc is not considered, not reckone<l, not 
pit to account in demonstration. And I exem- 
plified tlie same by the body of the earth describing 
Uie ecliptic line ; because the magnitude is not 
ftere reckoned nor chargcth the ecliptic line with 
any breadth. Hut I perceive you understand not 
what the won! consideration signitieth, but tflke it 
f«r comparison or relation ; and say I ought to 
•lefinc a point simply, and not by relation to a 
?Teat body ; as if to reck)»n and to comimre were 
the same thing. '* Omnia mihi" saith Cicero, "pro- 
ti*« et considerata sunt." ! have provided and 
"•clioned everything. There is a great difference 
o^ftecn reckoning and relation. 
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i.i:ssoN II. Agaiu, you ask, wliy eorpnx mofum, a body 
moved ? I will tell you : bet;aiise the motion was 
neccssarj- for the generation of a line. And though 
after the generation of the line the point should 
rest, yet it is not iieeessary from this definition 
that it should be no more a point ; nor %vhea 
Kuclid defines a sphere by the circumduction of a 
semicircle upon an axis that restetb, doth it follovr 
from thence when the sphere, axis, centre and all, 
OS that of the earth, is mored from place to place, 
that it is no more an axis. 

Lastly, you object "that motion is accidentary 
to a point, and consequently not essential, nor to 
Ije put into the definition." And is not the cir- 
cumduction of a semicircle accridentary to a sphered 
Or do yo\i think the sphere of the sun was gener- 
ated by the revolution of a semicircle ? And yet 
it was thought no fault in Euclid to put the motiq^ 
into the definition of a sphere. ^H 

The conceit you have concerning definitions, * 
that they must explicate the essence of the thing 
defined, and must consist of a genus and a dif- 
Jerenccy is not so universally true as you are made 
believe, or else there be very many insufficient 
definitions tliat pass for good with you In Euclid. 
You are much deceived if you think these woful 
notions of yours, and tlie lan^age that doth 
everywhere accompany them, sliow fanndsomely 
(oi;ctlmr. Or that such grounds as these be able 
80 many, and so haughty reproaches as 
them, so as they fall not, as you 
u your own head. I «iy 
not to he reckoned in 
Ttii'N of lines, solitis, or 
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jupprficicR ; you say it hatli no quantity at all, but r.KssoN il 
b plainly nothing. orX^ 

T\w first of the wtitions of Kticlid is, " that a ">•«<*''"'■ '" 
line may be drawii from point to point at any 
iiistaiice." The second, *' that a straight line may 
be produced." The third, " that on any centre a 
circle may be described at any distance." And 
ihe eiglitb axiom (which Sir H. Savilc oljservcs to 
be the fonndation of all geometry) is this, " Qutv 
iiln latttuo caii^riiunf, ete. Those tiling that are 
applied to (uie another in all points are equal." 
Ail or any of these principles heiiifc taken away, 
there is not in Euclid one proposition demonstrated 
or demonstrable. If a point have no quantity, a 
Hoc can have no latitude ; and because a line is 
imt drawn but by motion, by motion of a body, 
arid body imprinteth latitude all the way, it is im- 
possible to draw or produce a i>traight line, or to 
rfescribc a circular line without latitude. Also if 
a line have no latitude, one straight line cannot be 
applied to another. To them therefore tliat deny 
n point to have quontity, that is, a line to have 
latittide, the forenamed principles are not possible, 
and consequently no proijosition in geometry is de- 
monstrated or demonstrable. You therefore that 
deny a point to have quantity, and a line to have 
brejulth, have iiotliiii^ at all of the science of jruo- 
meiry. The practice you may have, but so hath 
any man that hath learned the bare propositions 
by heart \ but they are not fit to be professors 
cither of geometry or of any other science that 
dcpendeth on it. Somo man perhaps may say that 
iJiis controversy is not much wortli, and that we 
both mean the same thing. But that nmu. though 
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I.KSSON M. in other things prudent etioiigh, ktioweth little of 
" ' S(!ieiK?e and dcmonstrntion. I-'or definitions are 

not only used to give us the notions of those 
things wliose appellations are defined, for inauy 
timeH they that have no science have the ideas of 
things more perfect than such as are raised hy 
definitions. As who is there that understandeth 
not Iretter what a straiglit line is, or what propor- 
tion i^, and what, many other things are, without 
definition, tlian some timt set down the definitions 
of tliem. But their use is, when tliey are truly 
and clearly made, to draw arguments from them 
for the conclusions to be proved. \nd therefore 
you that in your following censures of my geo- 
metry, take your argument so often from this, that 
a point is nothing, and so often revile me for the 
rontrarj', are not to be allowed such an excuse. 
He that is here mistaken, is not to be called negli- 
gent in his expression, but ignorant of the science. 
In the next place, you take exceptions to my 
definition oi equal bodies, which is this: ** Corjmra 
tcqualia sunt qtttc eumlem hcum jwsxldere pos- 
ftimt. K<pial bodies are those which may have 
the same place." To which you object imperti- 
neuilv. that I may as well define a man to be, be 
that may be prince of Transylvania y wittily, as 
you (*ount wil. Formerly in every definition, yon 
c\acte<l an explication of the essence. You arc 
therefore of opinion that the possibility of being 
''''ransvlvania is no less essential to a man, 
lity of the being of two bodies sur- 
jome place, is essential to boilifi 
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of this same cliaptpr, wlicrc I define nlint It is we i,Kf.9ox ir. 
call essence, namelv, tliat accident fur winch we ' 
give Che thing its name. As the essence of a man ibiinm-ri 
is bis capacity of reasoning; the essence of a white**"""™^ 
body, whiteness, &c., because we give the name of 
man to such bodies as are rrapable of reasoiii>i{[^, 
for that their capacity ; and the name of wht/f to 
£uch bodies as have that colour, for tliat colour. 
Ut us now examine why it is chat men say bodies 
are one to another eijnal ; and tliereby we sliall 
be able to determine whether the puvsihiliitj of 
hmg the ^ame place he essential or not to bodies 
equal, and consecpiently whether this definition be 
*o like to the defining of a man by the poxsihilify 
if beiMff prince of 'J'ranfsylcauia as you say it is. 
Tliere is no man, besides such egregious geome- 
Mcians as yourselves, tliat iiu^uireth the equality 
of two Iwdies, but by measure. And for li(|uid 
bodies, or the aggregates of innumerable small 
bodies, men (men, I say) measure them by putting 
them one after another into the same vessel, that 
is to say, into the same place, as Aristotle defines 
place, or into the space determined by the vessel, 
as I define ]»la(;e. And the bodies that so till the 
vessel, they acknowledge and receive for equal. 
But though, when hard bodies cannot be so mea- 
sured, without the incommodity or trouble of 
altering their figure, they tbeu enquire, if the 
bodies arc both of the same kind, their equidity 
by weight, knowing, without your teaching, that 
equal bodies of the same nature weigh jiroportion- 
ably to their magnitudes ; yet they do it not for 
fear of missing of the equality, but to avoid incoD- 
vcnienee or trouble. But you (you, I say), that 
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have no definition of equals, neither received 1 
others, nor framed by yourselves, out of your 
sballnw ineditntion and deep conceit of your own 
wits, eontcnd against the common liE;ht of nature. 
So much is unheedy learning a hinderonce to the 
knowledge of tlie truth, and changeth into elves . 
those that were beginning to be men. ^M 

Again, when men inquire the equality of two 
bodies in length, they measure them by a common 
measure ; in which measnre they consitler neither 
breadth nor thickness, but how the length of it 
agreeth. first with the length of one of the Iwdics, 
then with the length of the other. And both the 
iHidies whose lengths are measured, are successively 
in the same place under their common measure. , 
Pfarf therefore in lines also, is the proper index 
and discoverer of equality and inequality. And 
as in length, so it is in breadth and thickness, 
which are but lengths otherwise taken in the same \ 
solid body. But now when we come fnim this 
I'ttniUity and inequality of length.^ known by mea- 
sure, to deierrainc the proportions of superficies 
aud of solids, by ratioci nation, then it is that we ^ 
enter into geometry; for the making of definitions, 
in whatsoever science they arc to be used, is that 
which we t^ll phUosophia prima. It is not the 
work of a geometriciau, as a grometriciau, to de- 
tine what is equality, or proportion, or any other 
woni he uscth, thotigb it be the work of the same 
as a man. His geometrical part is, to dnm_ 
«m a.« maiiv true and useful theorems as 
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m also whilst it is n pyramis it hnt1i n pn^<;il)i)ity i,|?.sson ii. 
by flexion and trnnspositioii of parts to bpcome n ' — '~~~' 
enbe, aod to be put into the place where another ii,*. „-,.«. w 
cube equal to it was before. This is to argiie like *»«-<"""'''""■ 
a child that hath not yet the perfect understnnding 
ofauy laug'ua^e. 

In the third aud fourth objection, you teach me 

to define equal bodies (if I will needs define them 

by place) by the equality of place, and to say, 

M«/ boiites are equal that hate equal places. 

Ttaieh others, if ynu can, to measure their grain, 

Clot by the same, but equal bnshels. 

In the fifth objection, you except against the 

the word can, in that I say that bodies are equal 

^vliich can fill the same place. For the j^reater 

l*ody can^ you say, fill tlie place of the less, thuugh 

■^ot reciprocally the less of the greater. It is tnie, 

ttat though the place of the less can never be the 

T*lace of the greater, yet it may be filled by a part 

of the greater. But it is not then the greater 

^ody that iilleth the place of the less, but a part 

of it, that is to say, a less body. Howsoever, to 

take away from simple men this straw they .stumble 

at, I have now put the definition of equal bodies 

into these words : equal hodion arc ihone whereof 

tcery one can Jill the place qf every other. Aud 

if my definition displease you, propound yoor own, 

either of equal Iwdies^ or of eqnah simply. But 

you have none. Take therefore this of mine. 

The sixth is a very admirable exception. '* What," 
say you, ** if the same hntly can fMnnetiTnes take up 
a greater, sometimes a lesser place, as by rarefac- 
tion and condensation ?" I understand very well 
that bt>dies may be sometimes thin and sometimes 
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LESSON II. thick, as tliey ebanco to stand closer to^Uier o 
further from one anotlicr. So in the iTinElkctnnti 
schools, wUcn you read your learned lectures, yo 
have a thick or thronging audience of disciples 
which in a great church would he but a very thi 
company. I uiideri^tnnd how thick and tliin ma 
be attributed to bodies in the plural, as to a com- 
pany ; but I understand not how any one of the 
is tliicker in the school than in the church ; ci 
how any one of them taketli up a greater room ii 
the school, when he can get in, than in the streel 
For I conceive the dimensions of the body, and c 
the jdace, whether the pla»?e be filled with gold a 
with air, to be coiucideiit and the same ; a!id cou^ i 
sequcntly both the quantity of the air, and l 
quantity (tf the gold, to be severally equal to t 
quantity of the place ; and therefore also, by th 
first axiom of Eu(rlid, equal to one another ; in 
much as if the same air should be by condensatioi^ffJ 
contained in a part of the place it had, the dimen. — 
slows of it would be the same with the dimension ^ 
of port of the place, that is, should be less tliar^* 
they were, and by conse(|uence the quantity- less- — 
And then either the same body must l)e less also^ 
or wc must make a difference between greater* 
bodies ami Ixxlies of greater quantity ; which nf> 
mnu doth that hath not lost his wits by trusting 
thorn with absurd teachers. WTien you receive 
salary, if tlie steward give you for every shilling* 
a piece of sixpence, and then say, every shilling is 
condensed into the room of sixpence, I believe you 
wouhl like this doctrine of yours much the worse. 
Yon see how by your ignorance you confound the 
affairs of mankind, as far forth as they give cretlit 
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(0 your opinions, though it be but little. For lksson ir. 
Mtnre abhors evea empty words, such as are (in o^^^^j^ 
ll» meaning; yon as$i^ them), rarefying and con- iixiuwo.i.1 
ffeiuiiig. And you would be as well understood ' 
if you should say {coining words by your own 
povrer), that the same body might take up sonie- 
limes a greater, sometimes a lesser place, by walli- 
^tioit and wardensation, as by rarefraetion and 
condensation. You see how admirable this your 
objection is. 

In the seventh objection you bewray another 
kind of ignorance, which is the ignorance of what 
are the projier works of the several partes of ])liilo- 
sophy. "Though it were out of doubt," say you, 
" that the same body cannot hnve several magm- 
ttides, yet seeins it is matter of natural philosophy, 
nor hath anything to do with the present business, • 
to what purjioKe is it to mention it in a mathema- 
tical definition r" It seems by this, that all this 
"^hWe yiiu think it is a j)ieee of the geometry 
of Euclid, no less to make the definitions he 
Oscih, than to infer from them the theorems he 
demonstrateth. Which is not true. For he that 
telleth you in what sense you are to take the ap- 
}K;llations of those things which he nameth in his 
discourse, teacheth you but his language, that 
5ifterwar<ls he may teach you his art. But teach- 
ing of language is not mathematie, nor logic, nor 
physic, nor any other science ; and therefore to call 
^ detinitiou, as you do, mathematical, or jihysieal, 
is a mark of ignorance, in a professor inexcusable. 
All doctrine begins at the understanding of words, 
*Hid proceeds by reasoning till it conclude in 
^ence. He that will learn geometry must uii- 
VOL. vtr. Q 
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LESSON 11. derstand thtt terms before he begin, which that 
be may Ho, the master demon strateth nothing, 
but useth his natural prudence only, as all men 
do when they endeavour to make their meaning 
clearly known. For words understood are but 
the seed, and no part of the harvest of philosophy. 
And this seed was it, which Aristotle went about 
to sow in his twelve books of wetaphj.sics, and in 
his eiejht hooks concerning the hearinfr of natHval 
phiIosoj>hif. And in these books he defineth time, 
place, substance or essence, quantity, relation, &c., 
that from thence might be taken the definitions 
of the most ^neral words for principles in the 
several parts of science. So that all definitions 
proceed from rommon understatiilin^; of which, 
if any man rightly write, be may properly call his 
writing phihsophia jrrima, that is, the seeds, or 
the grounds of philosojOiy. And this is the method 
I have used, deBning^ place, magnitude, and the 
other the most general appellations in that pan 
which I entitle phUosophia prima. But you now, 
not understanding this, talk of mathematical defi- 
nitions. You will say perhaps that others do the 
sauR' as well as you. It may be so. But the ap- 
peaching of others does not make your ignorance 
the less. 

In the eighth plaee you object not, but ask roe 
tvhy I d^ne apud hod'tex apart ? I will tell yoo. 
Because all other things which are said to be equal, 
are said to be sti from the etpndity of Inidies; as 
two lines are said to be equal, when they be coiu- 
cident with the length of one and the same body; 
and equal times, which arc measured by equal 
" body, by the same motion. And the 
46 there is uo subject of quantity, 
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Of of rqnnlity, or of any otiier nrciilent but body ; lbssoh tl. 
lij which I tlioueht certiiiiilv was evident enon(>:h ^ ' ' 
to any uncomipted judgment; and therefore that»i"t«.*n.tin 
I needed first to define eqiiality in the subject " 
thereof, which is body, and then to declare in 
what seuse it was attribnted to time, motion, and 
other tilings that are not body. 

The ninth objection is nn et^reginus cavil. Having 
set down the definition of equal hoiHe*^ I con- 
sidered that some men miKht not allow the attri- 
l:>titc of equality to any things but those which arc 
tl«i Kubjecte of quantity, because there is no equa- 
lity, but iu respect of quantity. And to speak 
■~ijndly, magnum et maffnifue/o are not the same 
*-Iiing ; for that wliich is grrfut, Is properly n body, 
>^-hereof greatness is an accident. In what sense 
^licrefore, might you object, can an accident have 
Quantity ? For their sakes Uierefore tliat have not 
Judgment enough to (wroeive in what sense men 
»ay the length is so long, or the superficies so 
broad, &c. I added these words : " Eadein ralione 
(qua scilicet corpora dictmtur frqufilia) maf^ni- 
iuf/o maffnitufiiai (cqualtx dicitur" that is, in the 
tame manner, ax liodiex are said to he equal, their 
autf^nitudea also are said to he equal. Which is 
no more than to say, vc^hen bodies are eqtial, their 
aaffuit/ides aljto are called equal. If'hen hodtes 
ure equal in letigth^ their lengths are alxo called 
tqutd. And when /wdies are equal in supetjiciesj 
(heir Jtujterjieies are also called equal. All which 
i.1 common speech, as well amiiiit;;nt inuthciuati- 
cians, as amongst common people ; and, though 
improper, cannot be altered, nor necdeth to be 
altered to intelligent men. Nevertheless I did 
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tRSsoN 11. tiiink fit to put in tliut Haiise, tlint men mi^ht 
know wliat it is we cnll eqiiniity, as well in nm,EC- 
uitudcs as in magms, that ie, lu bodies. Wliicli 
you so iuterjiret, as if it bore this sense, that when 
bodie* are equal their sujwrjwips alxo mttgt be 
eqnaJ^ contrary to your own knowledj^e, only to 
take liold of a new occasion of revilinp:. How un- 
han(ljM)me and iininnnly this is, I leave to be judged 
hy any reader that hath had the fortune to see the 
world, and converse with honest men. fl 

Against the fourteenth article, where [ pr^W 
that the ^ame body hath always the same magiU' 
tude, yon object nothing but this, that thmi£h ii 
he granted, that the /rame body hath the samt 
magnitude, while it resteth, yet I bring tmfhinfi 
to prove that tchen it chaHgeth place^ it may tiol 
aUo change its magtiitude by being enlarged ot 
contracted. There is no doubt but to a body 
whether at rest or iu motion, more body may hi 
added, or part of it taken away. But then it ii 
not the same body, unless the whole and tbe pan 
be all one. If the schools had not set your wil 
awry, you could never have been so stupid as no* 
to see the weakness of such objections. TW 
which you add in the end of your objeotinn^| 
this eighth chapter, that / allow not Euclid M* 
axiom gratis, that the whole is greater than - 
party you know to be untrue. 

At my eleventh chapter, you enter into disput= 
with me about the nature of proportion. Up* 
the irutli of your doctrine therein, and partly tiiicm 
the truth of your opinions concerning: the defiihi 
tions of a point, and of a line, dependeth th< 
question whctlier you have any geometry or noue; 
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and the truth of all the demonstrations you have lesson ii. 
iu your other biioks, luimely "f the Augle of Con- oj^iiTuiiiT' 
/«*■/. aiiil Aritkmetica Injinitorum. 1 If re I say you '■'*' """• •" 
enter, how you will get out, your rcputatiou saved, 
we shall see hereafter. 

Wlieii a raaa asketh what ])ro])orttou one quan- 
tity hath to anotlicr, he asketh how great or how 
little the one is comparatively to, or in respect of 
tlie other. When a geometrician prefixeth before 
his demoustraiiuns a defiuitiou, he doth it not as 
«. part of his geometry, but of natural evidence, 
Kivt to be demonstrated by ar^ment, but to be 
^^ iiderstuod in understand iufi; the language wherein 
*t is set down ; though the matter may nevcrthe- 
l*;?ss, if besides geometry he have wit, be of some 
•»d[i to his disciple to make him understand it 
^tc sooner. But when there is no significant He- 
^uitioii preftxcd, as in this case, where Euclid's 
definition of proportion, that it is a whatshicaU 
^ahiitule of two quantities^ ^'c, is Insigidticant, and 
you allege no other, every oue that will learn geo- 
luetry, must gather the definition from observing 
liow the word to bt^ defitied is most constantly 
Uacd in common speech. Uut iu common speech 
if a man shall ask how much, for example, is six in 
res|>ect uf four, and one man answer that it is 
fp-cater by two, and another that it is greater by 
half of four, or by a third of six, he that asked the 
question will be satistied by one of them, though 
perhaps by one of them now, aud by the other 
another time, ils being the only man that kuowcth 
why he himself did ask the question. But if a 
man should answer, as you would do, that the pro- 
l>ortion of six to two is of those numbers a certain 
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LESSON 11. qiiotipiit, he would receive but little satisfaction, 
lietwetni the said answers to this question, how 
much is six in respect of four r there is this dif- 
ference. He that nuswcreth that it is more by 
two, (HJtnpuretb not two with four, nor with six, 
for two is the name of a quantity absolute. But 
he that answereth it is more by half of four, or by 
a third of six, comjmreth tin; difference with one 
of the differing quantities. For halfs and thirds. 
Sec. arc names of quantity comjwrcd. 

From hence there ariseth two species or kinds of 
(i*ff/io) proportion, into which the genera! viaidpro- 
ftor/itm may be divided. The one whereof, namely, 
that wherein the difference is not compared with 
eithCT of tlie differiiifr quantities, is called ratio 
arithmetical arithmetical proportion ; the other 
ratio f^fomctrica^ geometrical proportion ; mid, 
1)eenuse tliis latter is only taken notice of by the 
name of proportion, simply pro}xtrtio». Having 
considered this, I defined proportion, chapter ii. 
artirle 3, in this manner : " liatto est rdatio uulc- 
eedentiH ad consequena secundum tiMf^ntfHdincm :" 
Proportion is the relatiott of the untecetleni to the 
ro/iJtcf/uefit in mag;ttitude ; having immediately be- 
fore defined relatives, antecedent, and consequent, 
in the same article, and by way of explication 
added, that such relation was nothing else but 
that one of the quantities was equal to the other, 
or evcecdwl it by some quantity, or was by some 
quantity ex(«c;ded by it. And for exempliticatiou 
of the same, I added further, that the proportion 
of three to two was, that three exceeded two by 
a unity; but t^aid not that the unity, or the dif- 
ference whatsoever it were, was their prupurtiuu, 
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for anify, and fo exceed another hy unify, is not lesson ii. 

Ifce same thine. This is clear ciioHsh to othci-s i^.T^T^ 

let us therefore see whv it is uot so to you. You "-* '*""'■ ^' 

ay I make proporliou to consist m that which 

mnuncth after the lesser quantity is subtracted 

out of Uie theater ; and that you make it to con- 

j-ist in the quotient, when one number is divided 

by the otiier. Wherein you are mistaken; first, 

in that you say, I make the proportion to consist 

in the remainder. For 1 make it to consist in the 

act of exceeding, or of Iielng exceeded, or of being 

<H)aal; whereas the remainder is always an abso- 

'uic quantity, and never a proportion. To be 

'^ore or less tlian another number by two, is not 

^He number two; likewise to be ecjual to two, 

^^ here the difference is 7iolhing, is not that iiothiHf^? 

-'Vgain, you mistake in saying the proportion eon- 

**i.stelh in the quotient. For divide twenty by five, 

^lac qnoticnt is four. Is it not absurd to say that 

^lie projKirtiou of five to twenty, or of twenty to 

'^ve, is four ? You may say the proportion of five 

*^« twenty, is the i)roportion of one to four. And 

^o say I. And you may therefore also say, that 

t^be proportion of one to four is a measure of 

"^he proportion of five to twenty, as being equal. 

-Aod so say I. But that is only in geometrical pro- 

X>ortiou, and not in proportion universally. For 

%h(uigh the gfteries obtain the denomination of the 

^enus, yet it is not the ^enm. But as the quotient 

giveth us a measure of the proportion of the divi- 

vlend to the divisor in geometrical proportion, so 

al^o the remainder after subtraction is the measure 

of proportion aritlimetieal. 

You object in the next place, " that if the pro- 
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LESSON II. portion of one quantity to another be nothing bnt 
the excess or defect, then, wheresoever tlie excess 
or defect is the same, there the proportion is the 
same," This you say follows iu your logic, and 
from thence, that the proportion of three to two, 
and five to four is the same. But is not three to 
twoj and five to four, where the excess is the same 
numher^ the same proportion arithmetical ? And 
is not arithmetical proportion, proimrtiou? You 
take here (ratio) proportion, which is the gfnus, 
for that species of it which is called geometrical, 
because usually this species has the name of pro- 
portion simply. Also that the pro]>ortion of three 
to two, is the same with that of nine to sbt ; is it 
not because the excesses are one and three, the 
same portions of three and nine, that is tu say tlie 
same excesses comparatively ? I wonder you ask 
me not what is the gciitts of arithmetical and 
geometri<'al ))roporti()ns, and what the tliifcreHce? 
The gt'Hux is (ratio) proportion, or comparison in 
magnitude, and the diJfWcnce is that one compa- 
rison is made by the absolute quantity, the other 
by the comparative quantity, of the excess or de- 
fect, if there be any. Can anything be clearer 
than this ? You after come in with ignosce haln- 
iHffiui to no purpose. I am not ^o inhuman as 
not to jiardrtu dulness or madness : they are n<it 
voluntary faults. But when men adventure volun- 
tarily to talk of that they understand not censori- 
ously and scornfully, I may tell them of it. 

This difterence between the excesses or defec 
as they are simply or comparatively re<jkoned, 
being thus explained, alt the rt'st of that yon say 
in your objections to this eleventh chapter 
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that art. 5 for rafio hinarii ad qiihiartnm est lesson ii. 
nperari fenmrto, ns it is iu other places, 1 have ^^^j^^ 
put too hnstily rnfio hinarii ad quinarium est A'r-ii.«i"..-.itm 
narlttg)^ will be uiulerRtood by every reader to be •'«"*'"'""""*■ 
frivnlniis. and to proceed from the ignorauce of 
nliat proportion is. 

At the twelfth chapter yon only note that I say, 
that the projiorttOH of iiiequality is t/na/ifi/y, hut 
the proportion of e/jita/ifi/ not quantity, and refer 
tliat wliifh you have to say against it to the chapter 
I following ; to which place I shall also come iu the 
I following lesson. 



OF THE FAULTS THAT OCCUR 
DEMONSTRATION. 



IN 



^*'*> TUB 8AHB KUKKGlOCa PBOrsssuRS OV THE MATUCHATICV IN 

THE DSIVKRSITT OV OXFORD. 

LESSON HI. 

Yoir bepin your reprehension of my thirteenth 

^liaptcr with a question ; whereas / divide jiropor- 

t-ion into arithmetical and geometrical. You ask 

**!* what proportion it ia I so divide. KucUd 

<3ivides an anple into rii^ht, obtnse, and acute. T 

niay ask you as pertinently, what angle it is he so 

nivideK ; Or, when you divide animal into homo 

*iiid hntti/m, what animal that is, which yon so 

divide ? You see by this, how absurd your question 

*»• Rut you say the dehuition of proportion whi(;h 

I tuake flt Chap. ii. art 3., namely, that pro- 

P^irtion is the comparison of two maj^nitudes, oue 

^ another, agreeth not, neither with arithmetical. 
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LESSON III. iior with geometrical proportion. I believe you 
thought so then, but haviu? read what I have said 
in tbe end of tlie lost lesson, if you think so still, 
your fault will be too great to be pardoned easily. 
But why did you think so before ? Is it not 
because then^ wjim no deHnitiou iu Euclid of pro- 
portion universal, and iierause he maketU no men- 
tion of proportion arith)nt*tie:il, and because you 
had not in your minds a ijufhcicnt notion thereof 
yourselves to supply that defect ? And is not this 
the cause also, why you put in this ]>areuthesis (if 
arithoicticnl proportiou ought to be called projwr- 
tiou) ? Which is a confession that you know not 
whether there be such a thing as arithmetical pro- 
portion or not, notwillistanrfing that on all occa- 
sions you speak of aritbmetical proportional-). 
Yes, this was it that made you think that propor- 
tion universally, and proportion geometrical, is the 
same, and yet to sny yon cannot tell whether they 
be the same or not. It is no wonder, therefore, if 
in such confusion of the understanding, you appre- 
hend mit tlmt the proportions of two to five, and 
nine to twelve, are the same : so you are blinded 
by seeing that they are not the same proportions 
geometrical. Nor doth it help you that 1 say the 
difference is the proportion ; for by difference you 
might, if you would, have understood the act of 
differing. 

At the second article you note for a fault in 

ethod, that ujter I had used the words antecedent 

^fiMfl coiisegrteut of a proportiou iu some of the 

precedent chapters, 1 dejine them afterwards. I 

do not believe you say this against your knowledge. 

but that the eugenie:ss of your malice made you 




omwc ; therefore go back n^iii to the third lesson lit. 
nrlicle of chapter ii. where, hnWng defiiii'd norre- q^^^'^^^ 
iativei., I add these words, qf^ which the Jit Ht m lUi «^tw to 
tolkd the autecedent, the second the consequent, 
Thi§ is hut an oversight, though such ns in me you 
mould not have excused. 

At the thirteenth article you find fault with, that 
i say that the proporlion of ineffmiHty, whether U 
he of exeats or o/ defect ^ is quantity^ httt the pro- 
portion of equality is not (quantity. Whether that 
which yuu say, or that whieli I say, be the trutli, 
is a question worthy of a very strict examination. 
The first time I heard it argued, was in Mersennus* 
clmmber at Paris. a( such time as the first volume 
*if bis Cof^ituta Physico-Mathcmatica was almost 
printed ; in which, because he bad uot said all he 
Would say of proportion, he was forced to put the 
ri-st into a general preface, which, Jis was his eus- 
Uiui, he did read to his friends before he sent it to 
tiifi press. In that general preface, under tlie title 
t)i' liiitioiiiltus attjHc PruportionibMs, at the num- 
licrs twelve, thirteen, fourteea, he mnintaiueth 
iigaiiist Clnvius, that the comj)ositiou q/' proportion 
M (as of all other things) « compoJiition o/' the 
ptrti to muhe a total, and that the proftortion of 
ff/uality answereth in rjuantity to uoti-cns, or 
"ofhinir ; the proportion of excess^ to ens, or 
fifintity ; and the projtortion uf de/ectf to le/ts 
ifMn nothiit<; ; because equality {he says) is a 
f*'rta of mifttlle signijicntion between exeesa and 
"'feet. And there also be refuteth the argumenta 
*bich Clavius, at the end of the ninth £[ement of 
Kuciid, bringetii to tlie eoutniry. And though this 
*erc approved by divers good geonjetrieiuiis then 
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LKsi-oN III. present, and never gainsaid by any since, yet do 
not I say it upon the credit of them, but upon 
sufficient, grounds. Kor it hnth been demonstrated 
by Eutocius, that [f there be three mGgnitiideSt 
the proportion of the JrrJtt to the third is com- 
pounded of the proportions of the first to the 
second^ and of the xerond to the third ; whit^h 
also I demonstrate in this article. And if tlierc 
were never so many magnitudes ranked, it might 
be likewise demonstrated, that the proportion of 
the first to the Inst is compounded of the propor- 
tions of the first to the second, and of the second 
to the third, and of the third to the fourth, and so 
on to the last. If, therefore, we put in order any 
tliree numbers, whereof the two last be equal, as 
four, seven, seven, the proportion of four the first 
to seven the last, will be compounded of the pro- 
portions of four the iirst to seven the second, and 
of seven the second to seven the third. Where- 
fore the proportion of seven to seven (which is of 
equality) addeth nothing to the proportion of four 
the first, to seven the second ; and consequently 
the proportion of seven to seven hath no qnaiitlty; 
lint that the jirojiortion of inequality hath quantity, 
I prove il from this, that one inequality may be 
greater than another. 

But for the clcarin*^ of this doctrine {which 
Merseunus calls intricate) of the composition of 
proportions, I observed, first, that any two quan- 
tities, being exposed to sense, their pro|K)vtioii was 
also exposed ; which is not intricate. Aja;.iin, I 
observed that if besides the two exposed quantities, 
there were exposed a third, so as the first were the 
least, and the third (he greatest, or the first the 
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grMtest, and the third the least, tlmt not only the lesson hi, 

proportions of the first to the second, but also ^^ ■ ^' 

'hepnupc the differences and tlie quantities proceed u>*iofi;orin 

liie same nay) the proportion of the first to the" "" 

Ian is exposed by composition, or addition of the 

differences ; nor is there any intricacy in this. But 

«bcn the first is less than the second, and the 

second greater than the third, or l!ie first greater 

than the second, and the second less than the third, 

90 that to make the first and second equal, if we 

ow addition, we must, to make the second and 

ibird equal, use subtniction ; then conies in the 

iijtricacy, which cannot be extricated, but by such 

as know the truth of this doctrine which I now 

(Vtivered out of Merseunus, nauiely, that the pro- 

portitms of excess, e(|uality» and defect, are as 

i)mntittjj}tot-(juantiiy, nothinf^ want quantity ; or 

as symbolists mark them 0+1 .0 . 0-1. And upon 

tbisjjronnd I thouglit depended the universal truth 

nf tbis proposition, that in any niuk of magnitudes 

of the same kind, the proportion of the first to the 

lut, was com{H}unded of all the proportions (in 

ordi-r) nf the intermediate (juantitie^ ; the ivant of 

ihi- proof thereof, Sir llcnry Savile calls (h^cus) 

a uinle in the body of geometry. This proposition 

is demonstrated at the thirteenth article of this 

chapter. 

But before we come thither, I must examine the 
ir^ments you bring to confute this propof^itioii, 
tliat the proportion of inequaVthj is quatitity, of 
f^uaiity, nut quantity. 

And first, you object that equality and inequa- 
Jty are in the same predicament : a pretty arpu- 
it to flesh a young scholar in the logic school. 




238 



SIX LESSONS^ BTC. 



Of Our inilu 
Uinl oreiir ia 
(IrinniiBtntuni. 



LESSON MI. that but now bcj^iHS to learn the predicaments. 
But what do you mean by trqnay and inrqimieP 
Do you mean corpus ff'qualp, and corpreg ineffttalef 
They are both id the predicament of substance, 
neither of (hem in that of quantity. Or do you 
menu fequatitas and mirqnalUas ? They are both 
in the predicament of relation, neither of them in 
that of quantity ; and yet both eorpux and in^f/na- 
lifas, though neither of them be quantity, may be 
quanta, that is, both of them have quantity. And 
when men say body is quantity, or inequality is 
quantity, they are no otherwise understood, than 
if they had .said carpux cnt tantum, and mevqualitas 
tanta, not lant'itas ; tliat it*, bodies and inequalities 
arc so much, not somuchneits ; and all intclli^nt 
men are contented with that expression, and your- 
selves nse it. And the quantity of inequality is in 
the predicament of quantity, because the measure 
of it is in that line by which one ()uantily exceeds 
the other. But when neither exoeedeth the other, 
then there is no line of excess, or defect by which 
the equality can be mejisured, or said to be so 
much, or be called quantity. Philosophy teacheth 
us how to range our words ; but Aristotle's mn^- 
ing them in his predicaments doth not tench phi- 
losophy : and therefore no argument taken from 
thent^e, can become a doctor and a professor of 
geometry. 

To prove that the proportion of inequality was 
quantity, but the proportion of equality not quan- 
tity, my argument was this : that hvcau.sr one h- 
eqmiiittf may be fffeoter or less than another, but 
one equa/iftf niimot iu: greater nor less Hum an- 
other : iltcttj'tire inequalitij hath qtutHtity, or i* 



tantn, and eguaiittf not. Here you come in again lesson hi. 
■with vour predicameiits, and obiect, that to be """" 
susceptible of mafi;ts and mnius^ btnoiifrs not to ti«it »««» in 
<}uauttty. but to quality; but without any proof, "'""""' 
, as if you took it for an axiom. But whether true 
^hr false, you utuU-rstand not in what sense it is 
^True or false. It is true that one inequality is in- 
<»qnality, as iPeli as another ; as oue heat is heat 
, £is well as another, but not as great, lam, but 
^kot tmitus. But so it is also in the predicament of 
^^uantity ; one line is as well a line as another, but 
I not so grcjit. iVll degrees, intentions, and remis- 
sions of quality, are greater or less quantity of 
force, and mejisurcd by lines, supcrticies, or solid 
c|(iniility, wliich arc properly in the predicament of 
<)uantity. You see how wise a thing it is to argue 
' lirom the predicaments of Aristotle, which yon 
i understand not ; and yet you pretend to be less 
addicted to the authority of Aristotle now than 
heretofore. 

In the next place you say, I may ns well con- 
clude from the not susception of greater and //w-v, 
that a right angle is not quantity, but an oblique 
^_pDe is. Very learnedly. As if to be greater or fens, 
^^ould be attributed to a quantity outre determined. 
r Number (that is, number indefiuitively taken) is 
^■hiseeptible of greater and leiiSy because one nuni- 
^^er may be greater than another ; and tliis is a 
I g ood argument to prove that number is qwuitity. 
^■^nd do you think the argument the worse for this, 
^^that one six cannot be greater than anotlier six ? 
I After all these childish arguments which you have 
hitherto urged, ran you persuade any man, or 
yourselves, that you are logicians ? 
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article yoi 
that if I had hrforc miffirirnthj defined (ratio) 
proportion, I ueeited not af^ain dtjine what in 
(eadem ratio) the same proportion ; and ask me 
iohetker when I have ilejtned man , 7 me to dejine 
nneic tvhat in the same man ; You think when 
yoii have the definition of homo, yon have niso the 

definition of idem homo, nlieu it is harder to con- 

ceive what rV/rt» si^^uBes, than what /iomo. Besides, ^^ 
idem hulh not the same signification always, and -^- 
with wliatsoever it be joined ; it doth not signify 
the same with homo, that it doth with ratio. For 
with hojfto it signifies tlie same indiriduai man, hut 
with ratio it signifies n like, or an equal propor- 
tion : and both (ratio) proportion and {idem) the 
jtame, being defined, there will still be need of 
another definition for (eadem ratio) the same pro- 
portion \ and this is enough to defend both myself 
and Euclid, against this objection : for Euclid 
also, after he had defined (ratio) proportion, and 
that suffieientlyj as he believed, yet be defines the 
same proportion again apart. I know ynu did not 
mean in this place to object anything against Eu- 
clid, but you saw not what you were doing. Tliere 
is within you some special cause of inteneb ration, 
which you should do well tn look to. 

In the next place you say, when I had defined 
arithmetical proportions to be the same wlicu the 
difference is the same; it wjis to be expected 1 should 
define geometrical proportions to be then the 
same, when the antecedents are of their eonse- 
quents totiiple or tnnluple, that is, equimulti]>Ie 
(for tantuplttin signifies nothing). In plain words, 
you expected, that as I defined one by subtraction, 
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JJuniiil define the other by the quotient in divi- lesson in. 
Bnt why should you expect a definition of^^^^^^^ 
le proportion by the qiintient? Neitlier '^' ■««• i" 
r the authority of Euclid could move you 
lo oxpect it. Or why should you aay i7 was to be 
ripeclcd ? Rut it seems y<m have the vanity to 
place the mpasure nf truth in your own learning;, 
in lines incommensurable there mny be the same 
pro[»ortion, when, nevertheless, there is no qno- 
tieiit ; for setting their symbols one above another 
doth not make a quotient : for quotient there is 
tone, bnt in aliquot partit. Tt is therefore im- 
possible to define proportion universally, by com- 
pariiis quotients. This incommensurability of 
DiBju^tiitudcs was it that confounded Euclid in the 
fraining of his definition of proportion at the fifth 
Element, For when he came to numbers, he de- 
fined the same proportion irrcprehcnsibly thos : 
numbers are t/ien proportional, when the first ^/' 
the second and the third of' the fourth are equi- 
"lulliplet or the same part, or the same parts ; 
and yet there is in thh definition no mention at all 
uf a quotient. For though it be true, that if in 
dividing two numbers you make the same quotient, 
the dividends and the divisors are proportional, 
yt't that is not the definition of the same projHir- 
*ioii, hut a theorem demonstrable from it. But 
tliis definition Euclid could not accommodate to 
projiortiou in general, because of incommensura- 
Wlity. 

To supply this want, I thought it necessary to 
*fctk out some way, wheruby the proportion of two 
I'Uw, commensurable or ineom mensurable, might 
be continued perpetually the same. And this I 
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LESSON in. found might be done by the proportion of two lines 
described by some uniform motion, as by an effi- 
cient cause both of the said lines, and nlso of their 
proportions ; which motions continuing, the pro- 
portions must needs he all the way the same. And 
therefore I defined those magnitudes to have the 
same geometrical proportion, when some cause 
producing in eqitai limes equal effects, difl tie* 
termine both the proportions. Tliis, you say, needs 
an (Edipns to make it understood. You are, 1 see, 
no (Edipus ; but I do not see any difficulty, neither 
in the delinition nor in the demonstr.-ition. That 
which you call perplexity in the explication, is your 
prejudice, arisuig from tlie symboU in your fancy. 
For men that pretend nn less to natural ]>hilu- 
sophy than to geometry, to find fault with bringing 
motion and time into a definition, when there is no 
effect in nature which is not produced in time by 
motion, i.s a shame. l?ut you swim upon other men's 
bladders in tlie superficies of geometry, without 
being able to cudure diving, which is no fault of 
mine ; and therefore I shall, without your leave, be 
bold to snv, I am tlie first that hath made the 
grounds of geometry firm and coherent. Whether 
I have added anything to the edifice or not. I leave 
to be judged by the readers. You see, you that 
profi'ss with the pricking of bla<lders tlm letting out 
of their vapour, how much you arc deceived. You 
make them swell more than ever. 

For the corollaries that follow this sixth article, 
you say they contain nothing new. Which is not 
true. For the ninth is new, and the demonstni- 
tions of all the rest are new, being grounded upon 
a new definition of proportion ; and the corollaries 
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tlieraselves, for want of a g<»tKl ilf6nilion of pro- lksson iir. 
portion, were never before exactly demonstrated. ^j|.^|^|^ 
For the truth of the sixth definition of the fifth "'"» "<:""•« 
Element of Euclid cannot be known but by this 
dHinitiun of mine ; beoause it requires a trial iti 
all numbers possible, that is to say, an infinite time 
of trial, whether the quimultiples of the first and 
third. Olid of the second and fourth^ in all multi- 
plicatious, do together exceed, together €H)me short, 
and are together equal ; which trial is impossible. 
In objecting against tlie thirteenth and sixteenth 
article, I observe that you liewray together, both 
the greatest ignorance and the greatest malice ; 
and it is well, for they are suitable to one another, 
and fit fur one and the same man. In the thir- 
teenth article my proposition is this : If there he 
ihree magnitudes that have proportion one to 
another, the proportions qfthvjirst to the second,, 
nnd of the secoitd to the third, tahen together (as 
one proportion), are equal to the proportion of the 
firtt to the third. This demonstrated, there is 
taken away one of those moles which Sir Henry 
S»vile complaineth of in the body of geometry. 
Ul UR «ee now what you say, both against the 
CQnnciation and agaiust the demonstration. 

Against the enun<'iation you objeet, that other 
■fa would say (not the proportions of the first to 
^^ second, and of the second to the third, taken 
*«g;eihcr, &c. but) the proportion which U com' 
Vfied of the proportion of the ^first to the se- 
/, and of the second fo the thirds &c. Is not 
^ compounding of any two things whatsoever 
t"t' finding of the sum of them both, or tlie taking 
^f thein together as one total ? This is that ab^ 
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LESSON m. surdity of which Merseiiiuis, In the general preface 
to his Cogitaia Physico-Mathnnatira^ hath c-on- 
vinced Clavias, who, nt the end of Euclid's niuth 
Element, denieth the composition of proportion to 
be a composition of parts to make a total ; which, 
therefore, he denied, because he did not observe, 
that the addition of a proportion of defect to a 
proportioTi of excess, was a subtraction of magni- 
tude ; and because he understood not that to say, 
composition is not the making a whole of parts, 
was contradiction ; wliich all but too learned men 
would as soon as they heard abhor. Tlierefore, in 
saying that other men would not speak iu that 
manner, you say in effect they would speak ab- 
surdly. You do well to mark what other geome- 
tricians say ; but you would do better if you could 
by your own meditation upon tlie things them- 
selves, examine the truth of what they say. But 
you have no mind, you say, to contend about the 
phrase. Let us see, therefore, what it is you con- 
tend about. 

The proportion, you say, which is compounded 
of double and iriple proportiorty is not, as I would 
have it, tpiiniuple^ hut xaxtuple, as in these num- 
bers, six, three, one ; where the proportion of six 
to three is double, the proportion of three to one 
triple, aiid the proportion of six to one sextuple, 
not quintuple. Tell me, egregious professoi-s. how 
is six to three double proportion } Is six to three 
the double of a number, or the double of some 
proportiim ? All men know the number six is 
double to the number three, and the number three 
triple tc an unity. But is the question here of 
comiwunding nuuibers, or of compounding pro- 



fiortions? Eudid, at the last proposition of his lesson iii. 
ninth Elemeut, says indeed, that these numbers, nnhntun. 
one, two, four, eijcht, Jire if !,r\uaioy, amXa-ria, in "■■'•*';'"'" 
double proportion; yet there is no man that uncler- 
stauds it otherwise, than if he had said in propor- 
tioii of the single quantity to the double quantity ; 
and after the same rate, if he had said tlirec, nine, 
twenty-seven, &o, ha<l been in triple proportion, 
al) men would have understood it, of the propor- 
tion of any quantity to its triple. Your instance, 
therefore, of six, three, one, is here impertinent, 
there being in them do doubling, uo tripling, no 
sestupHug of proportions, but of numbers. You 
miy obsene also, that Euclid never distinguished 
between double and duplicate, as you do. One 
word iirXAaio^ ser\'e9 him every where for either. 
Though, I confess, some curious grammarians take 
i"'\iirmy for duplicate in number, and lirXow for 
tioable in quantity ; which will not serve your 
tuiu Your geometry is not your own, but you 
case yourselves with Euclid's ; in which, as I have 
allowed you, there be some few great holes ; and 
yon by misunderstandiug him, as in this place, 
bare made thi-m greater. Though the beasts that 
thiult your railing roaring, have for a time admired 
you ; yet now that through these holes of your 
c»8el have showed them your ears, they will be 
!«*« affrighted. But to escrapUfy the compositioa 
"f proportions, take these numbers, thirty-two, 
eight, one, and then you shall sec that the propor- 
tion of thirty-two to one is the sum of the pro- 
portions of thirty-two to eight, and of eight to one. 
'or the proportion of thirty-two to eight is double 
tile proportion of thirty-two to sixteen ; and the 
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SON III. proportion of eiglit to one, is triple the proportioo*:: 
of thirty-two to sixteen ; and the proportion of*: 

thirty-two to one is quintuple of thirty-two to six 

teen ; but double and triple added together maketh ^ 
quintuple. What can be here denied ? 

My demonstration consisteth of three cases : the ^ 
first is when both the proportions are of defect, « 
which is then w heu the tirst quantity is the least ; 
as in the.se three quantities, A B. A C, A D. The 
first case I demonstrated thus : — — Let it be suj*- 
poscil that the point A were moved uuifonnly 
through the whole line A D. The proportions, 
therefore, of A B to A C, and of A C to A D, arc 
determined by the difierence of the times in which 
chey are described. .\nd the proportion also of A B 
to A l>, is that whic-h is determined by the difTer- 
enoe of the limes in which they are described ; 
but the difference of the times in which A B and 
A C are described, together witli the difference of 
the times wherein A C and .\ D are described, is 
the same with the difference of the times wherein 
an* described A B and A D. The same cause, 
therefore, which determines both the proportions 
of A B to A C, and of .\ t' to A D. determines also 
the proportion of A B to A D. Wherefore, by the 
detiuitiou of the xntme proporlion^ article six, the 
proportion of A B to A C, together with the pro- 
portion of A r to A P, is the same with the ppo- 
liou of A B to A D. 

i>n.<iidir now your argumenution a^nst it 

i tkn-e he ttUrrm" say you, ^''bettteem A aW li 

timt a ; and theu !u jxtor own words, I argue 

Tkr dijfcrrncr t^' the limr* rkrrfin arc dr- 

ti Ait amd A C, la^eikrr tritk the d^erfm. 






»» 
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0^ the time* wherein are described A C ami A /), lksson in. 
is the same with the difference of the times in „"" -^ .'" 
wkirh arc dcserihed a li and n C (nanu'hj^ n U^ Ui4i ■ ■»"•< ■» 
wBC + CD); wherefore, the savte cmtse which 
determiueit tfte two proporfionJi of A B to A C, and 
of AC to A I), determines also the projtortion of 
iiitonD." Let me :tsk you here whether you 
suppose the motion from a to B, or from a to 1), to 
iuLve the same swiftness with the motion from A to 
ii. or from A to D r If you do not, then you deny 
the supposition. If you do, then BC, which is 
llib difference of the timrs A B and \ C, cannot be 
f-hc difference of the times in which ore described 
« B and a C, except A B mid a B are equal. Let 
any man jndj^e now whether there be any paralo- 
gism in Orontius that can equal this. And whether 
<iJl that follows in the rest of this, and the next 
tWo whole pages, be not all a kind of raving upon 
tne ignorance of what is the meaning of propor- 
tion, which you also make more ill-favoured by 
Writing it ; not in language, but in gambols ; I 
Ofiean in the symbols, which have made you call 
those dcmoustrations short, which put into words 
*o many as a true demonstration requires, would 
!>© longer than any of those of Clavius upon the 
twelfth Element of Euclid. 

To the sixteenth article you bring no argument, 
out fall into a loud oncethmns (the special figure 
wljprewith you grace your oratory), offended with 
DQy unexpected crossing of the doctrine you teach, 
^hat proportion consisteth in a quotient. For that 

'*eiug denied you, your -\ - '^ ^.^-i + ^ comes 

^ nothing, that is, to just as much as it is worth. 
^»>t arc not you very simple men, to say that all 
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LifSsoN in. mathematicians speak su, when it is not t;peakiiigi 
When did you see any man but yourselves publisl 
liis demonstrations by signs not generally received, 
except it were not with intention to demonstrate, 
but to teach the use of sigus ? Had Pappus no 
analyti(;s ? or wanted he the wit to shorten his 
reckoning by signs r Or has he not proceeded 
analytically in a hundred problems (especially in his 
seventh book), and never used symbols? Symbols 
are poor unhandsome, thougli necessary, scaffolds 
of demonstration ; and ought no more to appear 
in public, than the most deformed necessary busi- 
ness which you do iti your rluimbers. " lini tchy,'" 
say you, ** is this limitation to the proportion tff 
the greater to the less P" I will tell you ; because 
nf the proportion of the less to the 



Iterating 



greater, is a making of the proportion less, and th^_ 
defect greater. And it is a1)surd to say that tli^l 
taking of the same (juantity twice should make it 
less. And thence it is, that in quantities which 
begin with the less, as one, two, four, the |)ro]>or- 
tion of one to two is greater than that of on 
to four, as is demonstrated by Euclid, Klem. 
prop. 8 ; and by oousequent the ])roportiou of one' 
to four, is a proportion of greater littleness than 
that of one to two. And who is there, that when_ 
he kuoweth that the respective greatness of fot 
to one, is double to that of the respective greatQ< 
of four to two, or of two to one, will not presentlj 
acknowledge t!mt the respective greatness of one 
to two, or two to four, is double to the res]»ectlv4^| 
greatness of one to four ? But this was too deep 
for such men as take their opinions, no 
weighing, but from reading. 



i 
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Ijstly you object against the corollary of art. 28 ; lksson ill. 
wliich you make absunl eduush by rehearsing it j^^^^' 
llius: Si nuniiiilfis nlintia tliihti xiiptwjiatitr /« i!»i -nrw » 
partem aliquot (Ptfitalcn unmcro injmitas^ &c. Uo 
yira tiiiuk that of partes aliquot, or of partea ali~ 
t]«<tt(e, it cat! be said without absurdity, that they 
nre numero infinitte ? And then you say I seem 
to mean, that if of the quantity A B, there be sup- 
|io«!<l a part C R, intiiiitely little ; and that be- 
tween A C and A B be taken two means, one 
arithmetical, A E^ the other fieonietrical, A D, the 
difference between A D and A E, will be infinitely 
little. My meaning is, and is surticicntly expressed, 
that the said means taken everywhere (not iu one 
place only) will he the same ihrouirhont : and you 
tiat say there needed not so much pains to prove 
ii, and think you do it shorter, prove it not at all. 
hx why may not I pretend against your demon- 
atratioD, that 13 E, the arithmetical dificrence, is 
greater than B D, the geometrical difference. You 
bring nothing to prove it ; and if you suppose it, 
you suppose the thing you are to prove. Hitherto 
you have proceeded ii» such manner with your 
''/eacAtfjr, as that so many objections fis you have 
'Qade, so many false propositions you have ad- 
'atieed. Which is a peculiar excellence of yours, 
'*uit for so tcreat a stipend as you receive, you will 
)hice to no mim living for the number and 
less of errors you teach your scholars. 
-At the fourteenth chapter your first exception is 
'*^ the second article ; w here I define a plane in 
**^\s uianner: *-( plane superficiva in that which is 
^^^cribed htf a .i/mif^ht line so mocerl, as thai evenj 
point tltereqfdeiscribe a several Airtiighi line. In 
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sssoNiM. wlii(;li you require, first, that instead of flescrihrr^^i 
I should have said can descrihe. Why do you no^cmt 
require of Euclid, in the definition of a cone, in ^^* 
Rtend of rnnfinetur, is cnu/aitwd, he say eonti- 
neri potest, can fte contained ? If I tell you how^';^^ 
one plane is generated, cannot you apply the same 
generation to any other plane ? But yon object, 
that the plane of a circle may be generated by th 
motiou of the radius^ whose every point describelh 
not a straight, but a crooked Hue, wherein yo' 
are deceived ; for you cannot draw a circle (thntig 
you can draw the perimeter of a circle) but in 
a ])lane already ^nerate<L For the motion of a 
straight line, whose one point resting, describeth 
with the other points several perimeters of circles, 
may as well describe a conic superficies, as a plane. 
The question, therefore, is, how you will, in your 
definition, take in the plane which must be gene- 
rated before you begin to describe your circle, and 
before you know what point to make your centre. 
Tliis objection, therefore, is to uo purpose ; and 
besides, that it rcflectcth upon the perfect defini- 
tions of Euclid before the eleventh Element, it 
cannot make good his definition (which is nothing 
worth) of a plane superficies, before his first Ele- 
ment. 

In the next ])lace, yon reprehend briefly this 
coroUarif, that ttco plmiex cannot enclose a solid. 
I should, indeed, have added, idth the hose on 
whose extremes they insist : but this is not a fault 
to be ashamed of; for any man, by his own under- 
standing, might have mended my expression with- 
out departing from my meaning. But from your 
doctrine, ///«/ « •sujterJUies has no thichucss, it is 
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iitipn^ilile to innlud« n solid, with any number of lrsson in. 
ploues whatsoever, imless you say that solid is in- j„^j^^ 
rioded which uothiii^ at all iuctudcs. ai,t«tc.ai»> 

At the thinl article, where 1 say of crooked' 
lines, mme are everywhere crooked, aud sowe hate 
jtarti nol crooked. You ask me what crooked line 
liss parts imt crooked ; and I answer, it is that 
liiH* which with a nlraight line makes a rectilineal 
triangle. Bat this, you say, cannot stand with 
wliat 1 said before, namely, that a straight and 
crooked hue cannot be coincident : which is true, 
iiur \& there any contratUction ; for that part of a 
crooked line which is straight, may with a straight 
liiie be coincident. 

To the fourth article, where I define tite centre 
tij'acirrh' to he fhiit point of ike radius, which in 
tlm description of the circle Is unmoved; you ob- 
jeit u3 a contradiction, that I bad before defined a 
point to be the Inxly which is moved in the de- 
iiCTiption nf a line : foolishly, as I have already 
dinwD at your objection to Chap. viii. art. 12. 

But at the sixth article, where I say, that 
crootcd and i?/rt»iffrN0UK tines touch one another 
hi in one jtotnt, you make a cavil from this, that 
tf circle may touch a parafjoh in ttco points. Tell 
Bie truly, did you read anti understand these 
Words that followed ? " A crooked line cannot be 
congruent with a straight line : hecanse if it 
eouUi, one and the same line should be hoth straight 
and crooked. If you did, you could not but under- 
stand the sense of my words to be this : u-hcH two 
crooked lines which are incougrnous, or a crooked 
and a straight line touch one another^ the contact 
is not in a fine, but only in one jwint ; and then 
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LESSON III. your instance of a circle and a parabola was a 
wilful oavil, not befitting a doctor, if you either 
read them not, or understood them not, it is your 
ovii fault, hi the rest that followeth upon this 
article, with your dingnim, there is nothing' against 
me, nor anything of use, novelty, subtlety, or 
learning. 

At the seventh article, where I define both an 
angle^ simply so called, and an angle of contiti- 
gence, by their several genenxtions ; namely, that 
the former is generated when two straight Unex are 
coincUU'nt, and one of tfn*vi is tnoted, tiud dis- 
tracted from the other hij circular motion upon 
one common point resting, ^v. ; you ask me " to 
tehich qf these kinds of angle I refer the angle 
made by a straight line when it cuts a crooked 
line?" I answer ea.sily and truly. To that kind of 
angle which is called simply an angle. This you 
understand not. "For how", will you say, "can 
that angle which is generated by the divergence of 
two straight lines, be other than rectilineal r or 
how can that angle which is not comprehended by 
two straight lines, be other than curviUneal ?" I 
see what it is that troubles you ; namely, the same 
which made you say before, that if the body which 
describes a line be a point, then there is nothing 
which is not mnved that can be called a point. So 
you say here, "If an angle be generated by the mo- 
tion of a straight line, then no angle so generated 
can be curvilincal ;" which is as well argued, as if 
a man should say, the house was built by the car- 
riage and motion of stone and timber, therefore, 
when the carriage and that motion is ended, it is 
no more a house. Rectilineal and curvilincal hath 



Tinthing to do with the nature of an anglp sUnpljr lesson III. 
Hi callt'd, though it be essential to aii angle "fofihr»»uiti. 
contact. The measure of au anffle, simplv so called, «■"•«« '" 
IS a Circumference of a circle ; and the measure is 
always the same kind of quantity with the thing 
mtasured. The rectitude or curvity of the Unes, 
which drawn from the centre, intercept the arch, 
is aocidentary to the angle, which is the same, 
wbether it be drawn by the motion circular of a 
straight line or of a crooked. The diameter and 
the circumference of a circle make a right angle, 
and the same which is made by the diameter and 
the tangent. And because the point of contact U 
not, as you think, nothing, but a line unreckoned, 
ud common both tu the tangent and the elrcum- 
ferpDce ; the same angle computed in the tangent 
is rectilineal, but computed in the circumference, 
Dot rectilineal, but mixed : or, if two circles cut 
M»t another, curviUneal. For every chord makech 
tlie same an^e with the circnrafcrence which it 
maketh with the line that toucheth the circumfe- 
reoce at the end of the chord. And, therefore, 
*hcn I divide an angle, simply so called, into rec- 
tilineal and cunilineal, I respect no more the ge- 
neration of it, than when I divide it into right and 
olilique. I then respect the generation, when I 
divide an angle into an angle simply so called, and 
an angle of contact. This that I have now said, 
if the reader remember when he reads your ob- 
jections to this, and to the ninth article, he will 
need no more to make him see that you nre utterly 
ignorant of the nature of an angle ; and that if 
ignorantre be madness, not I, but you, are mad : and 
when an angle is comprehended between u stmight 
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. and a crooked line (if 1 may compute the 
angle as comprehended between the same straigha 
line and the point of contact), that it is cousonaia 
to my definition of a point by a magnitude ww 
considered. But when you, in your treatise, /)- 
Angulo Contrictus (chap. itl. p. 6, I. 8) have thpsa 
words : " Though the whole concurrent lines iucHnr^ 
to one another, pet they form no angle antfwhert* 
but in the very point of concourse :" you, thai 
deny a point to be anything:, tell me how twc 
uotbiDj!^ can fonu an angle ; or if the ang^le be no! 
formed, neither l)efore the concurrent lines meet^ 
nor in the point of concourse, how can you apjjre- 
hend that any angle can possibly be framed r BuB 
I wonder not at tliis absurdity ; because this whole 
treatise of yours in hut one absurdity, continued 
from the beginning to the end, as shall then ap- 
pear when I come to answer your objections tea 
that which I have briefly juid fully said of that sub- 
ject in my Uth chapter. 

At the twelfth article, I confess your exception 
to my universal definition of parallels to be just, 
though insolently set down. For it is no fault of 
ignorance (though it also infect the demonstration 
next it), but of too much security. Xli« definitlou 
is this : Parallel are those lines or superjides^ 
upon which two straight lines falling, ami where- 
soever they fall, waking equal angles with them 
both, are et/ual ; which is not, as it stands, mii- 
versally true. But inserting these words the same 
way, and making it stand thus : parallel lines or 
superJicieSf are those upon which two straight 
liuex falling the same way, and wheresoever they 
fall, making equal angles, are ' > is both true 



tad universal ; and the followinf? consectary, with lksson m. 
ray little change, as you may see in the IraiisU- ^r^^Til^ 
lioD, perspicuously demonstrated. The same fault ""i <*<;«»" 
occorretu once or twice more ; and you tnumpb 
unreasonably, as if you had given therein a very 
great proof of your geometry. 

The same was observed al&o upon this place by 
me of the prime ^eometriciaus of Paris, and noted 
in a letter to his friend in these words (Chap. xiv. 
iit. 12) : *' The defimtiim of parallels tcanteth 
Kometvhat to Ite xttppHet/.^' And of the consectary 
he aays, *' // conchttlelh not, because H is grounded 
nthedefinitiott it/'paraflels." Truly and severely 
enough, though without any sach words as savour 
of uTOgauce, or of malice, or of the clown. 

At the thirteenth article you recite the demon- 
nmion by which 1 prove the perimeters of two 
circles to be projmrtional to their semi diameters ; 
4ddwith esiOfJurlas.te, recte^ omnino^ noddying to 
tke several parts thereof, you come at length to 
raylast inference: Therefore, by Cha.^. xiii. art. 6, 
'Aff perimeters and semidiamefers of circles are 
proportional ; whicli you deny ; and therefore 
(ioiy, because you say it foUoweth by the same 
ratiocination, that circles also and spheres are 
projMfrtio/ml to their semidiaineters. " For the 
'time distance, you say, of the perimeter from the 
centre which determines the magnitude of the 
semidiameter, determines also the tmtgttiiutle both 
of the circle and of the sphere." You acknow- 
ledge that perimeters and scmidiametcrs have the 
cause of their determination such as iu equal times 
make equal spaces. Suppose now a sphere gene- 
rated by the semidia meters, whilst Che semicircle 
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LESSON in. IS turned about. There is but one radius of an 
hifiiiite number of radii, which describes a great 
circle ; all the rest describe lesser cirrles (mrallel 
to it, in one and the same time of revolution. 
Would you have men believe, that describing 
greater and lesser circles, is aceordiiig to the sup- 
position [temporibus tcfjiia/ifms teqnalia Jacere) to 
make equal spaces in equal times ? Or, when by 
the tuiTjlug about of the semidiamcter is described 
the plane of a circle, does it, think you, in e<)ual 
times make the planes of the interior eireUis equal 
to the planes of the exterior r Or Is the radiet 
that describes the inner circles equal to the radtM 
that describes the exterior ? It does not, there- 
fore, follow from anything I have said in this de- 
monstration, that either spheres or planes of circles, 
are proportional to their radii ; and consequently, 
all that yon have said, trlnraphing in your own in- 
capacity, is said iniprudenlly by yourselves to your 
own disgrace. They that have applauded you, 
have reason by this time to doubt of all the rest 
that follows, and if they can, to dissemble the opi- 
nion they had before of your geometry. But they 
shall sec before I have done, that not only your 
whole ElenchuSy but also your other books of the 
Angle of Contact^ &c. are mere ignorance ad^ 
gibberii^li. S 

To the fourteenth article you object, that (in the 
sixth figure) I assume gratis, that KG, l> E, BC, 
are proportional to A F, A I), A B ; and you refer 
it to be judged by the reader : and to the reader 
I refer it also. The not exact drawing of the figure 
(which is now amended) is it that deceived you. 
For A F, F D, D B, are equal by construction. 
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AG, GE, EC, arc equal by constroction. And LEssoNtii. 
FG, D K, B H, K E. I! I, I C, are equal by paral- ^j";;;;;^ 
Iflism. And because A K, KG, are as the velocities «ui.*ci.riii 
nhprewith they are described ; also 2 A F (that is "" ' '"^ 
ADi aud 2 FG (that is D K) arc as the &ame velo- 
dties. And finally, 3 A V (that is A B) and 3 FG 
(ikt is B(') (ire as the same velocities. It is not 
therefore assumed gratis, that FG, PE, BC are 
proportional to A F, A D, A B, but grounded upon 
ibe sixth article of the thirteenth eliajiter ; and 
"iiiseqnently your objection is nothing worth. 
Yon might better have excepted to the placing of 
D K, first at adventure, and then luaking^ A D two- 
thirds of A B ; for that was a fault, though not 
great enough to trouble a candid reader ; yet great 
CQough to be a ground, to a malicious reader, of a 
cavil. 

That which you object to the third coroUary of 
irt. l.S, was certainly a dream. There is no as- 
suming of an angle C D E, for an angle H U E, or 
Q I) K, neither in the demonstration, nor in any of 
the corollnries. It may be you dreamt of some- 
what in the twentieth article of chapter xvi. But 
Wanse that article, though once printed, was 
afterwards left out, as not serving to the use I had 
^nifincd it for, I cannot guess what it is: for I 
liavu no copy of that article, neither printed nor 
written ; but am very sure, though it were not 
Useful, it was true. 

Article the sixteenth. Here we come to the 

controversy concerning the atigk' qf' contact, ic/iich, 

you say, you have handled, hi a A-jpecinl treatise 

puhlUhed ; aud that you have clearly demoH- 

tfrtiiedt in your public lectures^ that Pelelarius 
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tessoH ni. w/r* i» the right. But that I agree not mfficienthj^ 
neither with Peletariiis nor with Clavtus. I con- 
fess I agree not in all points with Peletarius, noi 
in all points with Clavius. It does not ttienoe fol- 
low that I agrrce not with the truth. I am not, as 
you, of any faction, neither in geometry nor in 
politics. If I think tliat yon, or Peletnrius, or 
Qavius, or Euclid, have erred, or been too obscure, 
I see no cause for which 1 ought to dissemble it. 
And in this same question I am of opinion that 
Peletarius did not well in denying the angle qfcoH' 
tingeuce to be an angle. And that Clavius did 
not well to say, the angle of a nemicirrle was less 
than a right-Uued right angle. And that Euclid 
did not well to leave it so obscure what he laeaut 
by inrUnntioH iu the definition of a plane angle, 
seeing elsewhere he attributeth iuclination only to 
acute angles ; and scarce any man ever acknow- 
ledged inclination in a straight line, to any other 
line to which it was perpendicular. But you, in 
this question of what is inclination, though you 
pretend not to depart from Euclid, are, neverthe- 
less, more obscure than he ; and also are contrary 
to him. For Euclid by inclination meaueth the 
inclination of one line to another ; and you nnder- 
stand it of the inclinatinn of one Xxwcfrom another; 
which is not inclination, but declination. For you 
make two straight lines, when they lie one on an- 
other, to lie iu:\ivi>i, that is, without any inclination 
(because it serves your turn) ; not observing that 
it followeth thence, that inclination is a digression 
of one line from another. This is in your first 
ai^nment in the behalf of Peletarius (p. 10, 1. 22), 
and destroys his opinion. For, according to En- 




ciid, the greatest augle is the greatest inclinatiou ; lbsson hi. 
and an angle equal to two right angles by this i«Xw/a, or^]7L.ir 
should not be tiie greatest incHnatioii, as it in, butti>«i'»f™'i'> 
the leASt that can oe. liitt ii by the inehiiatioii ui 
two lines, we understand that proceeding of them 
to a common point, which ts caused by their gene- 
ration, which, I believe, was Euclid's meaning ; 
then will the angl^ of contact be no less an angle 
than a,rectiHneai angl^, but only (osClavins truly 
says it isj heterogeneous to it ; and the doctrine of 
CTlavius more conformable to Euclid than that of 
Peletarius. Besides, if it be granted you, that 
t.>iere is uo inclination of the circumference to the 
t^aogent, yet it does not follow that their cou- 
Oonrse doth not form some kind of angle ; for Fu- 
olid df'fintith there but one of the kinds of a plane 
x^ciglc. And then you may as much in vain seek 
^or the proportion of such angle to the augle of 
Crontiiet, as seek for theyoc«^ or parmmHer of the 
t^^ralntla of Dices and Luzarun. Your iirst argu- 
ttient therefore is nothing worth, except you make 
Sood that which in your second ai^umeut you 
iffirm, namely, that all plane angles, not excepting 
the angle of contact, arc (homogeneom) of the 
Same kind. You prove it well enough of other 
curvilineal angles ; but when you should prore the 
same of an angle of contact, yon have nothing to 
say but (p. 17* I- IS), " Unde autcm ilia quam 
mmniet heterogenia oriatur^ neque potent illc ulla- 
ttnus 09ten(iere, neque ego rel somniare:" " Whence 
sltonld urine that div-ersitif of kind which he 
drenms of, neither can he at all show, nor I 
dream i" as if you knew what he could do if he 
were to answer you ; or all were false which you 
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LrssoN Ml. cannot dream of. So that besides your castomary 
vanity, here is nothing hitherto proved, neither 
for the opinion of Peletarius, nor against that of 
Clavius. 1 have, I think, sufticiently explicated, in 
the first lesson, that the an^le of contact is quan- 
tity, namely, that it is the quantity of that crooked- 
ness or flexion, hy whieh a straight line is bent 
into an arch of a circle equal to it ; and that be- 
cause the crookedness of one arch may be greater 
than the cnmkednesa of another arch of another 
circle equal to it ; therefore the question quanta 
est curviiaji^ how much is the crookedness, is per- 
tinent, and to be answered by (fttantitij. And [ 
have also shown you in the same lesson, that the 
quantity of one angle of contact is compared with 
that of another angle of contact by a line drawn 
from the point of contact, and intercepted by their 
circumferences : and that it cannot be compared 
by any measure witli a reetilinpal angle. 

But let us see bow you answer to that which 
Clavius has objected already. " They are /tetero' 
geneous" says he, '* because the angle of confactf 
how oft Aoecer rrtttftip/let/, can ttever exceed a rec- 
tilineal angle." To answer which, yon allege it 
in HO angle at all ; and that therefore^ it is so 
angle at all, because the lines have no inclination 
one to another. How can lines that have no incli- 
nation one to another, ever come together : But 
you answ^er, at least they hare no inclination in 
the point of contact. And why have two straight 
lines inclination before they etinie to touch, more 
than a straight line and an arch of a circle r And 
in the point of contact itself, bow can it be that 
there is less inclination of the two points of a 





ail arrh o! a circle, than ot the lesson lit. 
points of two straight lines r But the straight lines, g,,,^ j^,^,^, 
yoa say, will cut; which is nothing to the ques- ^;;;|^;^ 
tioD ; and yet this also is not so evident, but that 
it omy receive an objection. Suppose two circles, 
A G B and C F B, to touch in B. and 
have a coraraon tangent through H. 
Is not the line C F B G A a crooked 
line? and is it not cut by the common 
tan^nt D B E r What is the quan- 
tity of the two angles F B E and G B D, 
seeing you say neither DBG nor E B F 
is an angle ? It is not, therefore, the cutting of a 
crooked line, and the touching of it, that distin- 
i?Uislieth an angle simply, from an angle of contact. 
I'bat which makes them differ, and in kind, is, that 
*he one is the quantity of a reroltUton, and the 
'^ther, the quantity ofjirxion. 

In the seventh chapter of the same treatise, you 
^feink you prove the angle of contact, if it be an 
**.iigle, and a rectiiine«l angle to be {homogeneaun) 
Ckf the same kind ; when you prove nothing but 
that you understand not what you say. Those 
Quantities whicli nan be added together, or sub- 
tracted one from another, are of the same kind ; 
hnt an angle of contact may be subtracted from a 
right angle, and the remainder will be tlie angle of 
a semicircle, &c. So you say, but prove it not, 
mdess you think a man must grant you that the 
superficies contained between the tangent and the 
arch, which is it you subtract, is the angle of con- 
tact ; and that the plane of the semicircle is the 
angle of the senucircle, which is absurd ; though, 
as absurd as it is, you say it directly in yourii7«a- 
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chuir, p. 33, 1. U, iu these words : " }Fhcn Euclid 
d^nes a plane nn^le to ftp the inclination of two 
liwK, he meatieth not their aggregate, but thai 
wltirli lies between them" It is tme, he mcaneth 
not the aggregate of the two lines ; but that be 
means that which lies between tliem, which is 
nothing else but an indeterminate superficies, is 
false, or Kaclid was as foolish a geometriciau as 
either of you two. 

Again, you would prove the angle of contact, i^ 

it be an angle, to be of the same kind with a rec 

tilineal angle, out of Euclid (in. 16) ; where h^^ 

says, it is le*« than any acute angle. And it fol^ 

lows well, that if it be an angle, and less thao an^^ 
rectilineal angle, it is also of the same kind with^cn 
it. But, to my understanding, Euclid meant uo^i^J 
more, but that it was neither greater nor equal ^^ 

which is as truly said of hetert^neous, as of homo^ 

geneous quantities. If he meant otherwise, he^= 
oonfinns the opinion of Clarius against you, or^ 
makes the quantity of an angle to be a superficies^ 
and indefinite. But I wonder how you dare venture 
to determine %vhetlier two quantities be homoge- 
neous or not, without some definition of homoge- 
neous (which is a hard word), that men may 
understand what it meanetb. 

Iu your eighth chapter you have nothing but 
Sir H. Savile's authority-, who had not theu re- 
solved what to hold ; but esteeming the angle 
». first, as others falsely did, by the 
t lies bet%veen the tongent and the 
Jie angle of contact and a rccti- 
mogeneous : and afterwards, be- 
•lication of the angle of contact:. 
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call make it equal to the least rcctiliueol an|;ie, lesson iir. 
«ith great ingenuity returueth to his former uiicer- or^t-jir 
tainty. "'*' "*"'"' ■" 

In your ninth and tentli chapters you prove with 
much ado, that the angles of like segments are 
equal ; as if that might not have been taken gratis 
by Pflelariiis, without demonstration. And yet 
yuur argument, eoutained in the ninth chapter, is 
Dot a demonstration, but a conjectural discourse 
upon the word simiiituHe. And in the eleventh 
chapter, wherein you answer to an objection, which 
aiight be made to your ar^ment in the precedent 
page, taken from the parallelism of two concentric 
t^rcles, though objection be of no moment, yet 
you have in the same treatise of yours that which 
's much more foolish, wliich is this, (p. 38, 1. 12) : 
* Aira enim magniturh awgulij' ^e. The magni- 
'*«<& of an artfrle U not to he eittimated by thai 
^twaddVing of the Ifgs, tphirh if hath without the 
pfJtHt of concourse, but hy that straddling ivhick it 
^€tt/i in the point of the concourse itself'* I pray 
Fou tell me what straddling there is of two coinci- 
dent points, especially such point-s as you say are 
"^cthing r \Vhen did you ever see two uothings 
straddle ? 

The ailments in your twelfth and thirteenth 

<itapters are grounded all on this untruth, that an 

*ugle is that which is contained between the lines 

that make it ; that is to say, is a phine superficies, 

Hhiob is manifestly false ; because the measure of 

an angle is an arch of a circle, that is to say, a line ; 

which is no measure of a superficies. Besides this 

gross ignorance, your way of demonstration, by 

I putting N for a great number of sides of an cqui- 
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II. lateral polygon, is not to be admitted ; for, thougf- 
you understaud soraethiug* by it, you demoiistrati 
notliint^ to anybody but those who uriderstanc 
your symbolic tongue, which is a very narrov 
Inn^ua^e. If you bad demoustratcd it in Irish o 
Welsh, though I had not read it, yet I should no 
hare blamed you, because you had written to 
considerable uumber of mankind, which now yoL_^^ 
do not. 

lu your last chapters you defend Vitellio with 

out need ; for there is no doubt but that whatso 

ever crooked line be touched by a straight lin 
the angle of coutingence will neither add anythin 
to, nor take anything from, a rectilineal righ 
angle ; but that it is because the angle of coutmrF^ ■* 
is no angle, or no quantity, is not true, l-'or it i==^ » 
therefore an angle, Iwcause an angle of contact 
and therefore quantity, because one angle of con — - 
tact may be greater than another ; and therefore^^ 
heterogeneal, hucanse the measure of an angle ofc" ^ 
contact cannot (congruere) be applied to the mca— •— 
sare of a rectilineal angle, as they think it ""*;•, — 
who affirm with you tliat the nature of an angles^ 
nnnsisteth in that which is contained between the ^^^^ 
lines that comprehend it, viz., in a plane super- 
ficies. And thus you see in how few lines, and 
without brachygraphy, your treatise of the angle of 
coutingence is discovered for the greatest part to 
be false, and for the rest, uotlnng but a detection 
of some errors of Clavius grounded on the same 
false principles with your own. To retxmi now 
fipora your treatise of the angle of contact back again 
to your Eleurhus. 

The fault you hud at art. 18, is, that I under- 
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Stand not thai Eaclid makes a plane aufrl^ to be lbsson id. 
Ihat which is contained between the two lines that „f^j^„,^" 
fnnu it. It is tnie, that I do not understand that ''"" «"'r ;■ 
Euclid was so absurd, as to think the nature of an ""** ""* 
»ti;^e to consist in superficies; but I understand 
that ynu have not had the wit to understand 
Enolid. 

The nineteenth article of mine in this fourteenth 
chapter, is this : **AU reaped or variety of jtosiiion 
(f ttco tines, seemeth to be compreftended in four 
kind«. For they are either paraliel^ or (fteing if 
"fed be produced) male an angle ; or, (if drawn 
out far enoue;h) touch; or, lastly, they are asfjmp- 
foies" ; in whi('h you are 6rst offended with the 
^ord // sceinx. But I allow you, that never err, 
to 1)6 more ]>cremptory than I am. For to me it 
**<?etnpd (I say a^ain seemed) that such a phrase, in 
'^^^se I should leave out something in the enumera- 
tion of the several kinds of position, would save 
**ic from being censured for untruth ; and yet your 
■■fcistance of two straight lines in divers planes, does 
**ot make my enumeration insufficient. For those 
*»nes, though not parallels, nor cutting both the 
planes, y^t being moved parallelly from one plane 
^o another, will fall into one or other of the kinds 
^3f position by me enumerated ; and consequently, 
^re as inueli that imsjtion, as two straight lines in 
■^e same plane, not parallel, make the same angle, 
though not produced till they meet, which they 
A^'ould make if they were so produced : for you 
liave nowhere proved, nor can prove, that two 
such lines do not make an angle. It is not the 
actual concurrence of the lines, but the arch of a 
circle, drawn upon that |K>iut for centre, in which 
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they would meet if they were produced, aud iulcr- 
cepted between them, that constitutes the aug;le. 

Also your objection conct!rni»g asymptotes in 
general is absurd. You would have mc add, that 
ikeir ilistanee nkall at laxt he less than, any tiU- 
twice that can he ttxiriirHed ; anil so make tbe de- 
finition of the frenttx the same with that of the 
species. But because you are not professors of 
logic, it is not necessary for me to follow your 
counsel. In like manner, if we understand one 
line to be moved towards another always parallclly 
to itself, which is, thougli not actually, yet poten- 
tially the same position, all the rest of your in- 
stances will come to nothing. 

At the two-and-twentieth article you object to 
me the use of tbe word Jigure, before I had detinetl. 
it : wherein also you do absurdly ; for I have no- 
where before made such use of the word Jfg-ure, 
as to argue anything from it ; and therefore your 
objection is just as wise as if you had found fault 
with putting tlie word figure in the titles of the 
chapters placed before the book. If you had known 
the nature of demonstration, you had not objected 
this. 

You add further, tliat by my definition of ^gtirg, 
a solid sphere, and a sphere made hollow within, 
is the same figure ; but you say not why, nor i»a J 
you derive any such thing from my definition. 
That which deceived your shallowness, is, that 
you take those points that are in the concave su- 
perficies of a hollowed sphere, not to be contiguous 
to anything without it, because that whole con- 
cave superficies is within the whole sphere. Lastly, 
for the fault you find with the definition of like 
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Jlpires in like positions^ I confess there wants thp lesson hi. 
ttiae word which was wantina; in the definition of ^j^'^^^jj' 
perellets ; namely, ad rasdem partes (the same j^^^j^ 
trayj which should have been added in the end of 
the definition of like figures, &c., and may easily 
besiip])lied by any student of geometry, tlmt is not 
oiherwise a fool. 

At the fifteenth chapter, art. !, Tiumber 6, you 
object as a contradiction, that / make motion to he 
tU measure of time ; and yet, in other places, do 
wtaliy measure motion and the affections thereof' 
hyiime. If your thoughLs were your own, and 
not taken rashly out of books, you could not but, 
(with all men else that see time measured by clocks, 
iiials, hour-glasses, and the hke), have conceived 
sufficiently, that there caunot be of time any other 
oeasurc besides motion ; and that the most uni- 
TCTsnl measure of motion, is a line described by 
some other motion ; which line being once ex- 
posed to sense, and the motion whereby it was 
described sufficiently explicated, will serve to mea- 
sure all other motions and their time : for time 
Mid motion (time being but the mental image or 
remembrantTe of the motion) have but one and the 
^me dimension, which is a line. But you, that 
«nuld have me measure sw'{ft)iens and slowness by 
longer and shorter motion, what do you mean by 
'wiffer and shorter motion ? Is longer and shorter 
in the motion, or in the duration of the motion, 
which is time ? Or is the motion, or the duration 
of the motion, that which is exposed, or designed 
h' a line ? Geometricians say often, let the line A B 
**■ /A/' time ; but never say, let tlte line A B he the 
"^tion. There is no unlearned man that under- 
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LKssoN in. standeth not what is time, and motion, and mea- 
sure ; and yet you, that undertake to teach it (most 
egregious professtirs) untlerstiind it not. 

At the second article you bring another argu- 
ment (which it seems in its proper phice you had 
forgotten), to prove that a point is not quantity not 
considered, but absululcly nolliing ; which is this, 
Tkitt if a jwint he not nothing, then the tchole ix 
g^reater than its two hulves. How does that foi- 
tow ? Is it impossible when a line is divided into . 
two halves, that the* middle point should be divided 
into two lialvcs also, being quantity ? 

At the seventh article, I have sufficiently de- 
monstrated, that all motion is infinitely propagated^ 
as far as spane is filled with body. You allege nO 
fault in the demonstration, but object from sens&» 
that the skipping qf a Jtea is not propagated i^ 
the Indiex, If I ask you how you know it, yot* 
may wond<»r perhaps, but answer you cannot. Ar*5 
you philosophers, or geometricians, or logicians — 
more than are the simplest of rural people r or ar^ 
you not rather less, by as much as he that standetl» 
still in ignorance, is nearer to knowledge, than h(^ 
that nnmeth from it by erroneous learning? 

And, lastly, what an absurd objection is it which 
you make to the eighth article, where I say that 
vhen two f/odtcs of equal magnitude fall upon a 
third bodij^ that which falls with greater velocity, 
imprints the greater motion ? You object, that 
not so mtirh the magnitude is to be considered as 
the weight ; as if the weight made no difference 
in the velocity, when notwithstanding wt*ight is 
nothing else but motion downward. Tell me, when 
a weighty body thrown upwards worketh on the 
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body it meetelh with, do you not tlien tl»ink it lesson iii^ 
worlteth the more for the greiitness, and the less „f,^^^^,,^ 
fertile weight. ti.«i«rMh. 

ilnmonMnUuiib 



OF TlIK FAULTS THAT OCCUR IX 
DEMONSTRATION. 

tU TUK SAMK EGRXUIUUd I'KOFKfiSUItit or TUK M ATUKM ATIC'K IX 
TUK UMIVEHSITY OF OXKOlUl. 

LESSON IV. 

Or twenty articles wliicli you say (of nineteen 
«ijich I say) make the sixteenth chapter, you ex- 
wptbut three, and confidently affirm the rest are 
false. On tlie contrary, except three or four faults, 
such as any geometrician may see proceed not from 
ig:norance of the snhject, or from want of the art 
of dt'monstration, (and snch as any man might have 
mended of himselfj but from security; I affirm 
that they arc oil true, and truly demonstrated ; and 
that all your objections proceed from mere igno- 
pance of the mathematics. 

The first fault yon find is this, that I express 
not (art. i.) what imjx-tus it is, which I would have 
to be multiplied into the time. 

The last article of my thirteenth chapter was 
this, " If there he n vumher of quantities pro- 
f/mttidefl, howsoever equal or tmrqual to oae fino- 
tker ; ami there he another qnautittj which so often 
taken ns there he quantities propounded, is equal 
to their whole sum ; that quantity I call the mean 
arithmetieal of tlwm all." Which definition I did 
there insert to sei've me in the explication of those 
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LESSON IV. propositions of which the sixteenth chapter coq- 
sistcth, but did not use it here as I intended. My 
first proposition tJierefore as it stniideth yet in the 
Latin, being this, " the velocity of any body moved 
(iuring any time, i» so much as is the product of 
the impetus in one point of lime, imdtipUed into 
the whole time ;*' to a man that hath not skill 
enough to supply what is wanting, is not intelligi- 
ble. Therefore I have caused it in the English to 
go thus : " the velocity <if any body in whatsoever 
time vmpcd, hath its quantify dc/fTmined by the 
sum of all the .vccerfl/ ^impetus) qmcbnesseSy which 
it hath in the several jtolnts of the time of the 
bodys motion. And added, that all the impetus 
together taken through the whole time is the sam 
thing with the mean impetus (which mean is de- 
lined (Chapter xiii. art. 29) muitiplied into the 
whole time." To this first article, as it is uucm- 
rected in the Latin, you objectj that tneaning hif 
impetus some middle impetus, and assigning none, 
I determine nothing. And it is true. But if you 
had been geometricians sufficient to be professors, 
you would have shewed your skill much b<?tter, by 
making it appear that thi.s middle impetus could 
be none but that, which being taken so often, as 
there he points iu the line of time, would be equal 
to the sum of all the sevend impetus taken in the 
points of time respectively ; which you could not 
do. 

To the corollary^ you ask first how impetus can 
be ordinately applied to a line ; absurdly. For 
does not Arcihimedes sometimes say, and with him 
many other excellent geometricians, let such a line 
be the time ? And do they not mean, tliat tliat 



line, or Ibe motion over it, is the measure of the lesson iv. 
lime } And infiy not also a !inc scnc to mensure o^^^^i^ 
the swiftness of a motion r You thoua;ht^ you say, u-i^curin 
only Imes ought to he said to he ordxHaiely ap- 
piied to lines. Which I easily believe ; for I see 
yoa unrlerstand not that a line, though it be not 
the time itself, may be the quantity of a time. 
Voa thought also, all you have said in your 
ElenchuSj in your doctrine of the angle of contact, 
in your ArUhmcttca Injinitorum, and in yoiu* 
Cmictf, is true ; and yet it is almost all proved false, 
aad the rest nothing worth. 

Secondly, you object, that / design a parallelo- 
gram hy one only side. It was indeed a great 
oversight, and argueth somewhat against the man, 
but nothing^ against his art. For he is not worthy 
to be thouglit a geometrioian that cannot sup]>ly 
such a fault as that, and corret^t his Imok him.self. 
Though you could not do it, yet another from be- 
yond sea took notice of the same fault in this 
manoer, ** He makelh a parallelogram of hut one 
tide ; it should be thus : vel denique per paral- 
lelogrommum cujus unum talus est medium pro- 
porttonale inter impetum maximum (site ultimo 
acqnisiinm) et impetus ejusdem maximi semtssem; 
alterujtt vera latus^ Medium proportionate, inter 
totum tempus,et ejusdem totius tempuris scmissem.'" 
Which 1 therefore repeat, that you may learn good 
uiaiuiers ; and know, tliat they who reprehend, 
ought also, when they cJin, to add to their repre- 
hension the correction. 

At the second article, you are pleased to advise 
me, instead of in omni jnotu uniformly to put in in 
ommbus motions uHi/ormibns. You have a strange 
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LESSON )v. opinion of your own judgmeut, to tbiiik you know 
to what eiul another man useth any word, better 
than himsrif. My intention was only to consider 
motions uniform, and motions from rest uuiformlf, 
or regularly accelerated, that 1 might thereby com- 
pute tlie lengths of crooked lines, such as are de- 
scribed by any of those motions. And therefore it 
was enough to prove this theorem to be true in 
all uniform or uniformly accelerated motion^ aot 
motions ; though it be true also in the plural. It 
seems you think a rnan must write all he kuow^ 
w hether it conduce, or not, to his intended purpose. 
But that you may know that 1 was not (as yoQ 
think), ignorant how far it might be extended, you 
may read it demonstrated at the same article in tlie 
Kiiglish universally. Against the deuionstratioQ 
itself you run into another article, namely, tlie 
thirteenth, whicli is this problem : " tAe imgih 
/teiiifi^ ^Icett, which is passed m'cr hi a ^iveu time hji 
unj/'on/i motioiK to Jind the length uhich shtdl be 
passed over by motion unij'tinnly arcelerated in 
the same tinie^ so as that the im|>etus last acquired 
f*e equal to the time." Which you recite imperfectly, 
lherel)y to miike it seem that such a length is not 
determined. Whether you did this out of igno- 
rance, or on purpose, thinking it a piece of wit, 
as your preten<led mystery wliich goes immediately 
before, I cmnuol tell, for in neither place can any . 
wit be espied by any but yourselves. To imagine I 
motions with their times and ways, is a new bnsi- ^ 
ness, and retjuires a steady brain, and a man that 
can constantly read in his own thoughts, without 
being diverted by the noise of words. Tlie want 
of this ability, made you stumble and fall unhand- 




somely in the very first place (that U in Chap. xiii. i.ksson iv, 

art. 13), where you ventnre to reckon both motion of,h, twju 

and time at once; and hath made you in this '**'"«'"*» 

cbapter to stumble in the like maimer at every 

stfp you go. As, for example, when I say, ax ike 

prodiirl of the time, and iinpctujt, to the prmhtct of 

iJm time and impetus, Jio the space to tfie space 

when the motion is uaij'orm: you come in with, way, 

ratker as the time to the time ; as if the parallelo- 

grams A I, and A H, were not also as the times 

A B, and A F. Thus it is, when men venture upon 

says they never had been in before, without a 

^lide. 

In the corollary, you are offended with the per- 
mutation of the proportion of times and lines, 
because you think, (you that have scarce one right 
thought of the principles of geometry), that line 
and time are heterogeneous quantities. I know 
lime and line are of divers natures ; and more, 
tbat neither of them is r/uatitity. Yet they may 
lie both of tlicm quanta, that is, they may have 
^uaatity : but that their quantities are heteroge- 
neous is false. For they are compared and mea- 
suted both of them by straight lines. And to this 
there is nothing contrary in the place cited by you 
out of Clavius ; or if there were, it were not to be 
faiued. And to your question, what is the pro- 
portion of an hour to an ell ? I answer, it is the 
Sune proportion that two hours have to two ells, 
Vou see your question is not so subtle as yoa 
thought it. By and bye you confess that in times 
and lines there is guid homof^eneum (this quid is 
an infallible sign of not fully understanding what 
you say) ; which Ls false if you take it of the lines 
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themselves : though if you take it of their quau- 
tlties, it is true without a quid. Lastly, you IcU 
me how I might have expressed myself so as it 
might have been true. But because your expres- 
sions please me not, I have not followed your 
advice. 

To the third article, which is this : " In moiu 
mtiformiter a qtiicfe arrehrato,'" etc. " In motion 
tnuformhj accelerated from rest, tlmt is, tchea the 
imjH'tm increaxeth in proportion to the /it/res^ the 
length run over in one time is to the /ei/ffth ntn 
over in another time, as the product of the impetus 
mtiltipfied htj the tiim\ to theprodvet (if' the impetus 
multiplied hi/ the time ;" y<m object, " that the 
lengths run over are in that proportion trhich the ■ 
impetus hath to the impetus ; not that which the 
impetus hath to the time, because impetus to time 
has no proportion, as bei»f^ heterogeneous." First, 
when you say the impetus, do you mean some 
one impetus desig:ned by some one of the unequal 
straiglit lines parallel to the base B I ? That is 
manifestly false. You mean tlie aggregate of oU 
those unequal parallels. But that ia the same 
thing witli the time multiplied into the mean im- 
petus. And su you say the same that 1 do. 
Again, I lusk, where it is that I say or drenin tlutt 
the lengths run over are iu the proportion of th« 
impetus to the times r Is it yoxi or 1 that dream? 
And for your heterogeneity of the quantities of 
time and of swiftness,! have already in divers places 
showed you your error. Again, why do yon make 
B I represent the lengths run over, which I make 
to be represented by I) K, a line taken at pleasure; 
and yuu also a few lines before make the same 
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B I to design the greatest acquired impetus ? lesson iv. 
TlcK are things which show that you are puzzled o,\^^^„|^ 
and entangled with the unusual speculation of Oi*i ncc«f lo 
time ami uuttion, and yet are thrust on with pride 
and spite to adventure upon the examination of 
this chapter. 

Secondly, you grant the demonstration to be 
good, supposing 1 mean it, as I seem to speak, of 
one and the same motion. But why do I not 
tnean it of one and the same motion, when I say 
not in motions, but in motion uniform ? Because, 
fay you, in that ichich Jolhns, I (Irate it aho to 
(liffhrent viotious. You should have given at least 
one instance of it ; but there is no such matter. 
And yet the proposition is in that case also true ; 
tiiough then it must not be demonstrated by the 
similitude of triangles, as in the case present. And 
therefore the objections yoo make from different 
impetus acquired in the same time, and from other 
cases which you mention, are nothing worth. 

At the fourth article, you allow the demonstra- 
tion all tlie way (except the faults of the third, 
which 1 have already jiroved to be none) till I 
come to say, " that because the proportion of F K 
to B I is double to ike proportion of A F to A B, 
tker^ore the prujtortion of A B to A F is double 
to the proportion of B 1 to F K" This you deny. 
Had wonder at as strange, (for it is indeed strange 
to you), and in many ]>laces you exelaim against 
it as extreme ignorance in geometry. In this 
place you only say, " no such matter ; for though 
one proportion be double to another, yet it does 
not follow that the romerse is the double of the 
conterse." So that this is the issue to which the 
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IV. question is reduced, whether you have any or no 
geometry. I say, if there be three quantities in 
continual ]>r(iporti()ii, iiml the first be the least, the 
proportion of the first to the second is double to 
the proportion of the first to the third ; and you 
deny it. The reason of uur dissent consistetb in 
this, that you think the doubling of a proportion to 
be the doubling of the quantity of the proportion, 
as well in proportions of defect, us in proportions 
of excess ; and I think that the doubling of a pro- 
portion of defect, is the donblin;; of the defect of 
the quantity of the same. As for example in these 
three numbers, J, 2, 4, which are in continual pro- 
portion, I say the quantity of the projwirtion of one 
to two, is double the quantity of the projKirtion of 
one to four. And the quantity of the proportion 
of one to four, is half the quantity of the proportion 
of one to two. Aiifl yet deny not but that the 
q\iantity of the defect in the proportion of one to 
two is doubled in the proportion of one to four. 
But because the doubling of defect makes greater 
defect, it maketh the quantity of the proportion 
less. And as for the part which I hold in thw 
question, first, there is thus much demonstrated by 
Eaclid, El. V. prop. S; that the proportion of one 
to two, is greater than the proportion of one to 
four, though how much it is greater be not there de- 
monstrated. Secondly, I have demonstrated (Chap. 
xiii. art. 16) ; that it is twice as great, that is to 
say, (to a man that speaks English) , double. The 
introducing of tinplicafc, triplicate, &c. instead of 
doublcy triple^ &c. (though now they be words well 
understood by such as understand what proportion 
is), proceeded at first from such as durst not for 
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fear of absurdity, call tbc half of any thing doable lesson iv,| 
lo tlm whole, thoush it be manifest that the half " " 
of any defect is a double quantity to the whole ihM»r.. .tin 
dffect; for want added to want niaketh greater ^~™^'"^"- 
waiit, that is, a less positive quantity. This differ- 
ence between tlouMe and ilupiicttte, lighting upon 
weak uuderstandiujrs, has put men out of the way 
of true reasoning in very many questions of gco- 
Dttlry. Euclid never used but one word both for 
ilouble and duplicate. It is the same fault when 
men call half a quantity xnfu/ttjt/irftfe, and a third 
part snhlriplicale of the wliole, with intention (as 
ill this caise) to make them pass for words of signi- 
fication diftVrent from the Aa^'and the third part, 
Bet-ides, from ray definition of proportion (which 
is clear, and easy to be understood by all men, but 
siirli as have read the geometry of others unluckily) 
I cau deuumstrate the same evidently and briefly 
Ibos. My definition is this, proportion i* the 
(fnantity of one Magnitude taken vompurativehj to 
another. Let there be tlierefore three quunlities, 
li 2, 4, in continual proportion. Seeing thert-fore 
the quantity of four in respect of one, is twice as 
gttat as the quantity of the same four in respect of 
2, Ufolloweth manifestly tliat the quantity of I in 
respect of 4, is twice as little as the quantity of 
tile same I in respect of 2 ; and consequently the 
quantity of I in resjwctof 2, is twice as great as 
the quantity of the same I in respect of 4 ; which 
is the thing I maintain in this question. Would 
not a man that employs his time at bowls, choose 
rather to have the advantage given him of three in 
nine, then of one in nine? And why, but that 
three is a greater quantity in respect of nine, than 
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LRsaoN IV. is one ? Which is as much as to say, tliree 

nine hath a greater proportion than one to nine ; 
as is demonstrated by Euclid, El. v. prop. 8. Is it 
not therefore (you that profess mathematics, and 
theology, and practise the depression of the truth 
in both) well owled of you, to teach tlie contrary ? 
But where you say " that the point K (in the se- 
cond figure of the table belonging to this sixteenth 
chapter) m not in the paraholical line whose dia- 
meter is A B, and base B J, hut in the parabolical 
line of the eomplement of imj gemiftaraljola (as I 
may learn from the twenty-third proposition of 
your Arithiuetica In&nitonim) whose lUameter is 
A C, ami base I C" What line is that * Is it the 
same line with that of my seraiparabola, or not the 
same } If the same, why find you fault ? If not 
the same, yon ought to have made a i^emiparabola 
on the diameter A C, and tiiiHe I C, and foUuwiug 
my construction mafle it appear that K is not in ' 
the line wherein I say it la ; which you have not 
done, nor could <ln. ^U 

Then iigain, running on in the same blindne^H 
of passion, )'ou pretend I make the proportion of 
HI to r K double to that of A B to A F, and then 
(confute it ; when you knew I made the proportinu 
of V K to B I. double to that of F N, to B I, that is, , 
of A F to A B ; and this was it you should have ! 
confuted. That which followeth is but a triumph- ' 
ing in your own ignorance, wherein you also say, 
" that all that I afterwards build njwn this doc* i 
trine is falser You see whether it be like to prove 
80 or not. As for your Aritlimetica Injinitontm, 
I shall then read to you a piece of n lesson on it | 
when 1 come to your objections against the nei 
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Cbapter. In tiie mean time let me tell you, it is lukson iv. 
not likely you should be grcjit geometricians, that oi^^JThHiT 
know not what is quantity, uor measure, uor 'Hi ««■''"' '» 
straight, nor angle, nor homogeneous, nor hctcro- *"*" 
g^eous, nor jiroportiou, as 1 have already made 
appear ia this and the former lessons. 

To the firat corollary of this fourth article your 
exception I confess is just, and (which I wonder at) 
iridtout any incivility. But this argues not igno- 
rance, bat security. For who is there that ever 
nod any thing in the Conies, that knows not that 
Ibe parts of a parabola cut off by lines parallel to 
the base, are in triplicate proportion to their bases ? 
Etot having hitherto designed the time by the 
diameter, and the iinjietus by the base ; and in the 
next chapter (where I was to calculate the pro- 
portion of the parabola, to the parallclograu») 
intending to design the time liy the base, 1 mistook 
and put the diameter again for the time : which 
aQjr man but you might as easily have corrected as 
reprehended. 

To the second corollary, which is this, that the 

kngths run over in equal titues ht/ motion so 

Qecclerated, as that the imprtns increase in double 

proportion to their tii/ws, are ua- the differences tif 

ihe cubic numbers beginmng at unity ^ that /*. as 

iereuj nineteen, ihirttj-seven, ^-c. yoa say it is 

ftilse. But why ? ** Becuttxe" say you " portions 

f^ the parabola of equal altitude, taken from the 

heginningy are not as those numbers secen^ nine- 

lecHf thirtyseveHf ^c." Does this, think you, 

contradict any thing in this proposition of mine t 

Yes, because, you think, the lengths gone over in 

equal times, arc the same with the parts of the 
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LSssoN IV. diameter cut off from the vertex, and proportional ' 
„ ' . ■ , to the numbers one, two, three, &c. Whereas the 

01 lli« bull* > I J 

ih»iorc.jrin leiigths Tuxi ovcr, are as the aggregates of their 
■Dim. «,u yg|(jf,j(ipj,^ jji^j jg^ ^g ^j,g parts of the parabola 

itself, that is, as the cubes of their bases^ that is, 
as the numbers one, eight, twenty-seven, sixty-four, 
&c., ami consequently the lengths run over in equal 
times, are as the differences of those cubic num- 
bers, one, eight, twenty-seven, sixty-four, whose 
differences are seven, nineteen, tliirty-seven, &c. 
The cause of your mistake was, that you cannot 
yet, nor perhaps ever will, contemplate time and 
motion (which requireth a steady brain) without 
confusion. 

The third corollary you also say is false, " tefie- 
iUer it tie meant of motion iinijorwly accelerated 
(as the words are) or (as perhaps^ you say, / 
meant U) of such motion as ix accelerated in dou- 
ble proportion to the time." You need not say 
perhaps I meant it. Tlie words of the proposition 
are enough to make the meaning of the corollary 
nndei*stood. But so also you say it is false. Me- 
thinksyou should have offered some little proof to 
make it seem so. You think your authority will 
carry it. But on the contrary 1 believe rather 
that they that shall see how your other objections 
hitherto have sped, will the rather think it troe, 
hfcanse yoti think it false. Tlie demonstration as 
it is. is evident enough -, and therefore I saw no 
change a word of it. 

•rticlK ynu object noihing:, but that 

his proposition (Chap. xiii. art. 

em three quanfities are in nw- 

anil the first is ike leasts as in 



PARALOGISMS. 



2S1 



ihe$c tiumberg, Jbar, six, nine, tie proportion of lesson iv, 
t/icjirst to ihe jrecont/f is double to the proportion (,ih,„mu|u 
qf the tame first to the last;" which is there tt-i ««"'™ 
demonstrated, and in the foruier lessons so amply 
explicated, as no man can make any further doubt 
of the truth of it. And you will, 1 doubt not, 
assent unto it. But in what estate of mind will you 
l>e then ? A man of a tender forehead after so 
much insolence, and so mach contumelious lau- 
guaf^e grounded upon arrogance and ignorance, 
"Would hardly endure to outlive it. In this vanity 
of yours, you ask me whether I be angry, or 
blush, or can endure to hear you. 1 have some 
reason to be anf^ry ; for what man can be so 
patient as not to be moved with so many injuries ? 
And I have some reason to blush, considering the 
opinion men will have beyond sen, (when they shall 
see this in Latin) of the geometry taught in Oxford, 
Snt to read the worst you can say against me, I 
can endure, as easily at least, as to read any thing 
you have written in your treatises of the Angle of 
Ctnttactf of tlie Conic Sections, or your Arith- 
■meiica Injinitorum. 

The sixth, seventh, eighth articles, you say are 
sound. True. But never the more to be thought 
so for your approbation, but the less ; because you 
are not fit, neither to reprehend, nor praise ; and 
because all tlnit you have hitherto condemned as 
false, hath been proved true. Then you show mc 
how you could demonstrate the sixth and seventh 
articles a shorter way. But though there be your 
symbols, yet no man is obliged to take them for 
demonstration. And though they be granted to 
lumb demonstrations, yet when they are taught 
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demonstrations than these of mine. 

To the ninth article, whicli is this, '*//*« Aorfy 
be moved hy two movents at once^ coticnrrtHg in 
what augh xoever, o/'w/tic/i, one #* moved K«r- 
J'ormttj^ the other, with motion nniformiy accelera- 
ted from rent, till if acquire nn impetus equal 
to that of' the urii/arm mo/ion, the line in which the 
body is carried, shall he the crooked line of a 
setnijtarahola,^' you lift up your voice again, and 
ask, tvliat Utiitude ? what diameter ? what ineii- 
nafion of the diameter to the ordinate lines ? I^, 
yonr fonnder should sec this, or the like objeeCioii^H 
of yours, he would tliink his money ill bestowed.'^^ 
When I say, in what angle soever, you ask, in what 
angle ? Wlien I say two movents, one tmij'orm^ 
the other un\formly accelerated, make the boefy 
describe a semlparabolical line ; you ask, which is 
the diameter? us not knowing that the atx-eler- 
ftted motion describes the diameter, mid the other , 
a parallel to the base. And when I say the /id^H 
movents meet in a point, from which point both the^^ 
tnotions begin, and one of them from restf yon ask 
mc wliat is the altitude ? As if that point where 
the motion begins from rest were not the vertex ; 
or that the vertex and base being given, you had 
not wit enough to see that the altitnde of the para- 
bola is determined ? When Galileo's propositiou 
which is the same with this of mine, supposed ni 
Hut a body moved by these two motions, to 
^p.scribcd to be the crooked Hue of 
never thought of asking hiui 
»hat diameter, nor whiit angle, 
1 his {Kiraboln. And when 
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Arcbimedes said, let the line A B be the time, I lesson iv. 
should never have said to Hiin, do you t/thik time „' , ;, 

' •' orU«c bulls 

to he a line, as you nsk me whether I think impetus limt txtvx i 
can be the base of a parabola. And why, but be- 
cause I am not so egregious a mathematician, as 
you are. In this giddiness of yours, caused by 
looking upon this intricate business of motion, and 
of time, and the con<!ouise of motiou uniform, and 
xmtfonnly accelerated, you rave upon the numbers 
1, 4,9, 16, &c. without reference to any thinfi; that 
1 had said ; insomuch as miy one that had seen 
how much you have been deceived in them before, 
in your scurvy book of Arithntelica /ii/ini/oru7a, 
would presently conclude, that this objection was 
uothiug else but a fit of the same madness which 
pobses-seii you there. 
My tenth article is like my uiuth; and your 

|bbjectioDs to it are the same which are to the 
former. Therefore you must take for answer just 
the same which I have given to your objection 

^^ere. 

^P To the eleventh, you say first, you have done it 
better at the sixty-fourth article of ytiur Arithme- 
tica lujinitorum. But what you have done there, 
shall be cxaniiucd when I come to the defence of 
my next chapter. And whereas I direct the reader 
for the finding of the proportions of the comple- 
ments of those figures to the figures lliemsclves, 
t« the table of art, 3, Chap, xvii., you say tliat if 
the increase of the spaces^ were to the increase of 
tlie times, as one to two, then the contplemcnt 
should be to the imrallelot^ram as one to three, and 
say you find not J, in the table. Did you not see 
that the tabic is only of those figures which arc 
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LKssoN IV. described by the cxincourse of a motion uniform 
with a motion accelerated * You had no reason 
therefore to look for h in that table ; for your case 
is of motion uniform concurring with motion re- 
larded, because you ninkc not the proportions of 
the spaceit to the proportions of the times as two 
to one, but the contrary ; so that your objection 
ariscth from want of observing what you read. 
But I " may learn" you say, " these, ami greater 
matters than these, in your twenty-third and sixty- 
Jourth pro/Hisitionx of your Arithmetica Intini- 
toruin." This, which y»iu say here is a great 
absurdity ; but if you mean I shall find greater 
there, I will not say against you. This[& you 
looked for, behings to the complements of the 
figures calculated in that tabic ; which because you 
are not able to find out of yourselves, I will direct 
you to them. Your case is of |i for the comple- 
meut of a parabola. Take the denominator of the 
fraction which belongs to the parabola, namely 
three, and for numerator take the numerator of 
the fraction which belongs to the triangle, namely 
one, and you have the fraction sought. And in 
like maimer for the complement of any othur 
figure. As, for example, of the second jjarabolaster, 
whose fraction hath for denominator five, take the 
numerator of the fraction of the same triangle 
■which is one, and you have l for the fraction 
sought for ; and so of the rest, taking always one 
for the numerator. 

The twelfth article, which you say is miserably 
false, I have left .standing unaltered. For not 
comprehending the sense of the proposition, you 
make a figure of your own, and fight against your 
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ORTi fancied motions, different from mine. Otlif r lbssos iv, 
geometricians that understand the construcli()n n,\hrfcMH.' 
better, find no fault. .Vnd if you had in your own iw-«orm 
fiith figure drawn a line through N parallel to A E, '™°" 
*ii)d upon that line supposed your accelerated mo- 
tion, you would quickly have seen that in the time 
-A E, the body moved from re«t in A, would have 
^fallen short of the diagonal A D ; and that all your 
^?5jitravagant pursuing of your own mistake had 
lueen absurd. 

My thirteenth article you say is ridiculous. 
JBut why r " The impetus hist anjuiretl cannot" 
^^ou say, " be etjual to a time." Hut the quantity 
«:r>f the impetus may be equal to the quantity of a 
*i.ime, seeing they are both measured by line. And 
■^■rhen they are measured by the same described 
i ine, each of their quantities is equal to that same 
i ine, and consequently to one another. But when 
'M. meet with this kind of objection again, .since I 
^^riave ko often already shown it to be frivolous, and 
^tio less to be objected against all the ancients that 
■^ver demonstrated any thing by motion, tlian 
«gainst me, I purpose to neglect it. 

Secondly, you object " that motion uniformly 
<teeelerated does no more determine swif'tnes»^ 
ihan motion uniform" True ; you needed not have 
used sixteen lines to set down that. But suppose 
I add, as I do, so as the last ac<{uired impetus be 
equal to the time. Hut that, you say, is not 
4eHie ; which is the objection 1 am to neglect. 
But, you say again, supposing it sense, this limi- 
tation helps me nothing. Why ? Because^ you 
say, <t parabola may be described upon a base 
given, and yet have any altitude^ or any diameter 
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LESSON IV. ow will. Who doubts it? But how follows it 
from thence, that when a parabolical line is de- 
scribed by two molioiis, one uniform, the other 
uniformly accelerated from rest, that the deter- 
mining of the base does not also determine the 
whole parabola r But fifthly, you say, that this 
eqvfiVffij of the impeius to the lime does not tie- 
termine the ba.se. Why not r Because^ you say, 
it if! an error firoceedittff from this, that I ttuder- 
siand not what is ratio subdupUcata. I looked 
for this. I have shown and inculcated sufficiently 
before, but the error is on your side ; and there- 
fore must tell you, that this objection, and also a 
great part of the rest of your errors in geometry, 
proeeedetli from this, that you know not what pro- 
portion is. But see how wisely you arg:ue about 
this duplication of proportion. For thus you say 
verhatim. " Stay a Utile. What proportion has 
duplicate prt//wrt!on to single proprntion ? Is it 
always the same f I think not for examjile, 
duplicate proportion -f^Thl^ " double to the 
single y. Duplicate proportion t^xTbT »■* triple 
to its single j " Let any man, even of them that 
are most ready in your symbols, say in your behalf 
(if he be not ashamed) that the proportion of nine 
to one is triple to the proportion of three to one, , 
as you do. ^M 

In the fourteenth, 6ftepnth, and sixteenth articles, 
you bid me repeat your objections to the thir- 
teenth. I have done it ; and find that what you 
have objected to the thirteenth, may as well be 
objected to these-, and consequently, that my 
answer there will also serve rae here. Therefore, if 
you can endure it, read the same answer over again. 





Bat you have not yet done, you say, with these lesson iv. 
articles. Therefore (after yon had for a while ofiwiiaito 
spoken perplexlly, ooiije<'ttiring, not without just ^J;;^^^^'];^ 
cause, that I could not understand you) you say 
tiiat to the end I may the better perceive your 
meaning^, I should take the example fuHowing. 
•* Lift a movrnt (hi the first fi^mc of this chapter) 
Ae ntovetJ vniformltj in the titm" A ii, with the coh- 
tiuual impctux A C, or D I, whose whole velocltij 
^ktUl therefore he tlie parallelogram A C I B. 
-^nd another woreni be tttiiformlij accelerated, so 
«ai« in t/te time A fi it acquire the same impetus 
^ J. Now as the whole velocity^ is to the w/tole 
velocity, Jio is the length run over, to the length 
Wff orer." All this I acknowledge to be according 
to my sense, savine; that your puttinj^ your word 
aworcff* instead of iny word mobile hath oomipteU 
■•bis article. For in the first article, I meddle not 
'with motion by concourse, wherein only I have to 
^0 with two movents to make one motion ; but 
^ this I do. wherehi mv word is not mocens but 
•sHobile i by which it is easy to perceive you under- 
stand not this proposition. Then you proceed : 
*' But the length run orer by that accelerated 
motion is greater than the length rnn ocer hy thai 
uniform motion." Where do I say that ? You 
answer, " in the ninth and Ihirteeiifh article, in 
making A B (in the Jifth fignrv) greater than 
AC ; and A H (in the eighth ftgure) greater 
than A B : and cousequently^ the triangle A B /» 
greater than the parallelogram ACT B." That 
consequently is without consequence ; for it im- 
portcth uotliiug at all in this demonstration, whe- 
ther A B, or A C in the fifth figure be the erreater. 
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LESSON IV. Besides I speak there of the concourse of tw< 
movents, that describe the parabolical line A G D 
where the iiitireasing impetus (because it iiicreasetl 
IIS the times) will be desigiied by the ordinati 
lines iu the parabola A G D B. Aud if both thi 
luotious in A B mid A (' were uniform, the aggre- 
gate of the impetus would be designed by the tri- 
angle A B D, which is less than the parallelogran 
ACDB. But yuu thought that the motion made 
by A C uniformly, is the same with the motion 
made uniformly in the same time by tbc motiom 
in A B and AC concurring; so likemse, iu the 
eighth figure, there is nothing hinders A H 
from bein^ greater than A B, unless 1 had said 
that A B had been described iu the time A C 
with the whole impetus A C maintained entire ; of 
which there is nothing in the proposition, nor would 
at all have been pertinent to it. Therefore all this 
new undertaking of the thirteenth, fourteenth, 
tiflecnth, aud sixtceulh articles, is to as little pm-- 
pose as your former objections. But I perceive 
that these new and hard speculations, though they 
turn the edge of your wit, turn not the edge of 
your malice. 

At the seventeenth article, you show again the 
same confusion. Return to the eighth 6gore: 
" if in a time giren a hotiy run aver two length*^ 
oru; with unifonuy the other with accelerated 
motion'; as for example, if in the same time A C, 
a body, run over the line A B with uniform motion, 
and the line A H with motion accelerated ; " and 
again in a part of thai time it run over a part of 
the length A //, with unij'orjn motion, and another 
part qf the same with viotion accelerated :"" as for 
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asmplejn t]ie tirae A M it run over with uniform lksson tv. 
option the Hue A I. and with motion accelerated „,"Tfi^^ 
the line A B. / .tai/ the crcess of the whole A ii >''« ^-'n » 
t^we the part A W, ift to the excess of the whole 
A H above the part A J, as tfte whole A II to the 
tthole A B. But first you will say, that these 
words a* the whole A H to the whole A li, are left 
OQt in the proposition. But you acknowledge 
that it was my meaning ; and you see it is ex- 
pressed before I come to the demonstration. And 
therefore it was absurdly done to reprelieud it. 
Let 08 therefore pass to the demonstration. Draw 
IKparntlcl to AC, and make up the paralleh]gram 
AIK M. And supposing 6rst the acceleration to 
be uniform, divide I K in the midst at N ; and he- 
tneen I N, and I K, take a mean proportional I L. 
Aui the straifrht line A L, drawn and produced, 
ihall cut the line B I) in F, and the linr C G in G 
(which lines C G, and B D, as also II G and B K, 
are determined, though you could not carry it so 
long iu memory, by the demonstration of the 
tbirteenth article). For seeing A B is described 
% motion uniformly accelerated, and A / by 
motion miijorm in the same time A Af ; and I C 
w a mean proportional /tetween I N (the half of 
^K) and I K: therefore by the demojistration qf 
the thirteenth article, A I is a viean proportional 
ktween A B and the half of A B, namely A O. 
^gain, because A B is described by uniform 
notion, and A II by motion uniformhj accelerated, 
hoth of them in the same time AC, B F is a mean 
proportional l/etween B D and half B D, namely 
Be ; iherefore by the demonstration of the same 
^lirteeuth article, the straight line A L F pro- 
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LESSON IV. duced will /all on G ; ami ihc line A // wrVi he 
to the line A B, as the line A D to the line A i- 
And consequently as A H to A B, so H B to H I ; 
which was to fw detnonstrated. And by the like 
demonst ratio D the same may be proved^ where tte 
acceleration is in any other proportioii that can be 
assigned in numbers, saving that whereas tliis 
demonstration dependeth on the construction of 
the thirteenth article, if the motion had been 
accelerated in double proportion to the times, it 
would have depended on the fourteenth, where the 
lines are determined. Which determinations being 
not repeated, but declared before, in the thirteenth 
article, to which this diagram belongeth, you take 
no notice of, but go back to a figure belonging to 
another article, where there was no use of these 
determinations. But because I see that the worcU 
of the i)roi>asition, are as of four motions, and 
not of two motions made by twice two movents, I 
must pardon them that have not rightly understood 
my meaning ; and I have now made the propo* 
cution according to the demonstration. Which 
being done, all that you have said iii very near two 
leaves of your Elenchus comes to nothing ; aud 
the inult you find comes to no more than a too 
much trusting to the skill and diligence of the rea- 
der. And whereas after you had sufficiently 
troubled yourself upon this occasion, you add, 
'* that if Sir If. Savile had read my Geometrft 
he had never given that censure of Joseph Scaliger, 
in his lecture iijton Euclid, that he was the worti 
geotneirician o/'atl mortal men, not ejrceptioniug so 
much as Orontius, but that praise should hart' 
been kept for me" You see by this time, at least 
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bers do, how little I ought to value that opinion ; lesson it. 
d thai tliongh I he the least of geometricians, ^^^^^ ^^^^" 
fejny geometry is to yours as 1 to u. I recite 'fc«*«^'"j;^ 
Be wonk of yours, to let tlie world see your 
Itscretion iu mentioning so needlessly that jios- 
;e of your founder. It is well known that 
Beph Scaliger dcsen-cd as well of the state of 
Tning, as any man before or since him ; aud 
fct though he foiled iu his ratioeiuation couceni* 
f the quadrature of the circle, yet there appears 
that very failing so much knowledge of geome- 
r, that Sir H. Savile could not but see that there 
rre mortal men very many that had less ; and 
nsequcntiy he knew that that censure of his iu a 
^d sense (without the license of an hyperbole) 
IS unjust, liut who is there that will approve 
such hyperboles to the dishonour of any but of 
iworthy persons, or think Joseph Scaliger un- 
orthy of honour from learned men ? Besides, it 
as not Sir H. Savile that confuted that false 
ladrature^ but Clnvius. What honour wn£ it then 
r him to triumph in the victory of another r 
Hieii a bejist is slain by a lion, is it not easy for 
qr of the fowls of the air to settle upon, and peck 
m? Lastly, though it were a great error tn 
:aliger, yet it was not so great a fault as the least 
n ; and I believe that a public contumely done to 
ly worthy person after his death, is not the least 
I sins. Judge therefore whether you have not 
me indiscreetly, in reviving the only fault, per- 
ipB that any man living can lay to your founder's 
large ; and yet this error of Scaligcr's was no 
neater than one of your own of the like nature, 
I making the true spiral of Archimedes equal to 

u a 




SIX LESSONS, ETC. 



tliat ucrm in 
ilnnaMlniina. 



LESSON IV. linlf the circumference of the circle of the ftirst 
revolation; and then thinking to cover your fa.xilt 
by calling it afterwank an aggregate of arches of 
circles (which is no spiral at all of any kind) y«a 
do not repair but double the absurdity. Wiaat 
would Sir Henry Savile have said to this ? 

The eighteenth article is this, " /« any parallel lo 
gram, if the two si(U*s that contain (he angle' he 
moved to their opposite siiles^ the one uniforirm-lf, 
the other uniformly accelerated : the side tha ^ « 
viorrd unijhr/tily, by its eoncourse through all its 
iongitiidc, hath the same effect which it irardid 
have If the other motion were also tittiform, tmd 
the line described were a mean proportional i^' 
iween the whole length, and the half' of the same" 

To the proposition you object first, " that if w 
all one whether the other motion be vnijorm or 
not, hecnnse the effect tif each of their tnofionx, it 
but to carry the body to the apposite .viV/p." But 
do you think that whatsoever be the motions, the 
body shall he carried by their eoncourse always to 
the same point of the opposite side ? If not, then 
the effect is not all one when a motion is made bj 
the concourse of two motions uniform and accelera- 
ted, and when it is made by the concourse of tff» 
uniform or of two accelerated motions. 

Secondly, you say that these words, and thf 
line described were a mean proportional betaff' 
the whole length, and the half of tfte same^ have 
HO sense, or that you arc deceived. Tme. l"t>f 
you are deceived ; or rather you have not under- 
standing euouiih distinctly to conceive variety of 
motions though distinctly expressed. For when 
n line is gone over with motion uniformly accelera- 



tedf you naniiot uiulprstaml l»ow a mean pro- lesson iv, 
portional can be taken between it and its half ; or onhsftuit.' 
if yon can, you caiinot conceive that that mean can ihnto««r 
be gone over with uniform motion in the same 
time that the whole Une was run over by motion 
uniformly accelerated. Yet these are things con- 
ceivable, and your want of understanding must be 
made my fault. 

My demonstration is this, in the parallelogram 
A BCD, (Fig. 1 1;. Let the sitle A B he con- 
ceived to be moved tmi/ormly till it lie in CD ; 
, and let the time of that motion be A C, or fi D, 
I And in the same time let il be conceited that A C 
is moved with uniform acceleration^ till it He in 
B D. To which you object, that then the arcelera- 
lion la.tt acfftiired mnst be Jar greater than thai 
^wherewith A IJ in moved uniformly : eUe it shall 
^■rr^r come to the place you would hare it in the 
^same time. What proof bring you for this ? 
None here. Where then r Nowhere that I re- 
member. On the contrary I have proved (Art.O of 
e chapter) that the line described by the concourse 
of those two motions, namrly, uniform from AB 
to C D, and uniformly accelerated from A C to BD, 
is the crooked line of the scmiparabola AHD. 
iid though I had not, yet it is well known that 
e same is demonstrated by Galileo. And see- 
g it is manifest that in what proportion the 
motion Ls accelerated in the line A 15, in the same 
proportion the impetus beginning from rest iu A is 
creased in the same times (which impetus is de- 
led all the way by the ordinate lines of the 
iparabola), the greatest impetus acquired must 
«ds be the base of the scmiparabola, namely B D, 
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(;atiiic>t th(?rt!lon* imagine what should make yoa 
say without proof, that the ffieatest acquired im- 
petus is greater than that which is tlesigued by the 
base BD. Next you say, " you see not to whi^ 
end I divide A B in the middle at E." No wonder; 
for you have seen nothing all the way. Others 
would see it is necessary for the demoustratiuu ; as 
also that the point F is not to be taken arbitrarily: 
and likewise that the thirteenth article, which yon 
admit not for proof, is suflicientjy demonstrated, 
and your objections to it answered. By the way 
you advise me, where I say percursafH eodetn tnotu 
vniformi, rum impcfu ublque, &c. to blot oat cum ; 
because the impelus is not a companion in the way, 
but the cause. Pardon me in that I cannot take 
your learned counsel ; for the word motu itnij'ormi 
is the ablative of the cause, and impettt the abla- 
tive of the manner. But to come again to your 
objections, you say, I make " a greater spare nut 
over in tke same time by tfie slower motion tkan 
by the strijter." How does tliat appear ? because 
there is no thithf, but ike siviftnexs ia greater 
where the greatest impetus ix alteays maintaiiwdt 
than ichere it is attained to in the sante iimejrom 
rest. Tnie, but that is, when they are considered 
asunder without concourse, but not then when by 
I he concourse they debilitate one another, aad 
describe a third line different from both the lines, 
which they would describe singly. In this place 
' comjmre their effects as contributing to the de- 
ription of the parnholical line A H D. V\ hat the 
cts of their several motions are, when they are 
isldrivd osuuder, is sufhciently shown before in 




the first article, You should first have gotten into lesson i\\ 
your minds the perfect and distinct ideas of all the ' ' 
motions Tueiitioncd. in this chapter, and then bave lui u^ut ■:■ 
ventured upon the censure uf them, but not before. """*" 
And then you would have seen that the body 
moved from A, describcth not the line A C, nor the 
line A B, but a third, namely the semiparabolicol 
line A H D. 

Again, where I say, Wherefore, jf ike whole 
A B be nniformly moved to C D, in the xame tivie 
wherein A C is moved miiformlfj to F G ; you ask 
me " whether with the same impetus or not?" 
How is it possible that in the same time two un- 
equal lengths should he passed over the same 
impetus ? " /itit tchy" say you, " do yon not tell 
us with wlutt. impetus A C romejt to F G ?" What 
need is there of that, when all men know that in 
uniform motion and the same time, impetus is to 
impetus, as length to length ? Which to have ex- 
pressed had not been pertinent to tlie demonstra- 
tion. Tliat which follows in the demonstration, 
rursuti suppouo qtuod talus A C, &c. to these 
words, ut ostvHStan est. Art. 12, you confute with 
saying you have proved that article to be false. 
But you may see now, if you please, at the same 
place that I have proved your objection to be 
frivolous. 

After this yo»i run on without any argument 
against the rest of the demonstration, showing 
nothing all the way, but that the variety and con- 
course of motions, the speculations whereof you 
have not been used to, have made you giddy. 

To the nineteenth article you apply the same 
objection which you made to the eighteenth. 
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LBSsoN IV. ^Vhich having been answered, it appears that from 
the very he^iiiniiig of your Elenclms to tliis place 
all your objet-tions (except siir]i as are inailc to 
three or four mistakes of small importance in set- 
ting down my mind), are mere paralogisms, and 
snob are less pardonable than any jjaralntiism in 
Orontius, both because the subject as Less difficult 
is more easily mastered, and because the same 
faults arc most shamefully committed by a repre- 
hender than by any other man. ^ 

I bad once added to these nineteen articledV 
twentieth, which was this : " If from a point in ike 
circumference there he draivn a cord, ami a tan^ 
gent equal to /V, the angle whicfi they viahc shall 
be (louhle to t lie aggregate of all the angfe.t tnade 
hy the cords of all the equal arches into which 
the arch given can jmssibly be divided'' WTiich 
proposition is true, and I did when 1 writ it think 
I might havH use of it. But be it, or the demon- 
stration of it true or false, seeing it was not pub- 
lished by me, it is somewhat barbarous to charge 
me with the faults thereof. No doctor of humanity 
but would have thought it a poor and wretched 
malice, publicly to examine and censure papers of 
geometry never published, by what means soever 
they came into his hands. I mu.st confess that in 
these words, in surh kind of progression arithtne- 
ticnl (that is, which begins with 0) the sum of all 
the numbers taken together, is equal to half the 
number that is made hy multiplying the greatest 
into the Icnst^ there is a great error ; for by this 
account these numbers, 0, 1, 2, 3, 4. taken toge- 
ther, should be equal to notlung. I should have 
said they are equal to that number which is made 
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bj-multiplyiuffbalf the greatest into the number of lesson iv. 
Ik terms. Thcrt' was ihertfore, if those words of,"j„,;„,^ 
«cre mine (for truly 1 have no m[»y of tliem, nor i-'*"-"!!! 
hare had since the book was printed, and I have 
no ^reat reason, as any man may see, to trust your 
failh) a j^reat error in the writinar, but not an 
erroneous opinion in the writer. The demonstra- 
tion 80 corrected is true. And the angles that 
have the proportions of the numbers I, 2, 3,4, are 
io the table of vour Elvnchuft^ fig. 12, the angles 
U A D. H D E, i'e F, K V B. And if the divisions 
were infinite, so that the first were not to be 
reckoned but as a cypher, the angle C A It would 
be double to them altogether. This mistake of 
nine, and the finding that 1 had made no use of 
it ill the whole hook, W!ls the cause why I thought 
fit to leave it quite out. But your professorships^ 
cDiild not fori)ear to take occasion thereby, to com- 
nmid your zeal against Lei'mtJum to your doctor- 
of divinity, by censuriug it. 
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LESSON V. 

At the seventeeth chapter, your first exception is 
III the definition of proportional proportions, which 
is this; " Fonr proportions are then proporthntd, 
when the Jirxt iit to the second, as the third to the 
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LESSON V, fourthr Tlic reader will hardly believe that yoor 
exception is in earnest You say, I nieau not by 
proportionality the '* qtmntity of tJte proporliotu'.' 
Yes I do. Therefore 1 say again, that four pro- 
portion.^ arc then proportional, when the qnantil^ 
of the first proportion, is to the (fuantity of the 
tecoitd proportion, as the quantity of the third 
proportion, to the qimntity t^ the Jourth propor- 
tion. Is not my meaning now plainly euougb 
expressed ? Or is it not the same definition with 
the former. But what do I mean, you will say, 
by the quantity of a proportion ? I mean the 
determined greatness of it, that is, for example, in 
these numbers, the ({unntity of the proportion (^_ 
two to three, is the same with the (jnantity of th^l 
proportion of four to six, or six to nine ; and 
again, the quantity of the proportion of six fc^l 
four, is the same with the <iuantity of the propor-^ 
tion of nine to six, or of three to two. But now 
what do you mean by tlie quantity of a proportion ? 
You mean that two and three, are tlie quantities 
of the proportion of two to three (for so Euclid 
calls tbem] and that six and four arc the quantities 
of the proportion of six to four, which is the same 
with the pro]>ortion of three to two. And by this 
ride, one and the same proportion shall have 
infinite number of tpuuititiea ; and etuiseqncntl] 
the quantity of a proportion can never be deterj 
mined. I call one proportion double to another, 
when one is equal to twiee the otlier; as the pro- 
portion of four to one, is double to the proportioD 
of two to one. You cull that proportion doable 
where one number, line, or quantity absolute, uH 
double to the other ; so that with you the proper- 
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tioD of two to one is a double proportion. It is lesson v. 
easy to understand liow the number two is double ^^j^^,^' 
to one, but to what, I pray you, is double the pro- '^•' ««'" » 

. i >i dnnwirtwllun. 

portion of two to one, or of one to two .- Is not 
every double proportion double to some propor- 
tion t See whether this geometry of yours can be 
Ukni by any man of sound mind for sense. " Hut 
it M hioiPH," you say, " that inprojwrtltmn, double 
M me tiling, mid duplicate another'^ po that it 
seems to you, that in talking of proportion men 
are nltowed to speak senselessly. " // w /vvoirw," 
you say. To whom • It is indeed in use at this 
day to call double dnplicate, and triple triplicate. 
AdiI it is well enough ; for tbey ore words that 
signify the same thin;;, but that they differ (in 
wliat subject soever) I never heard till now. I 
am sore that EucUd, whom you have undertaken 
lo expound, mnketh no such difference. And even 
there where he jmtteth these numbers, one, two, 
four, eight, &c. for numbers in double proportion 
(which is tlie last proposition of tlit? ninth element) 
he meaneth not that one to two, or two to one, iB 
a double proportion, but that every uumber in that 
progression is double to the number next before it ; 
and yet he does not call it analogia dupla, but 
duplicate. This distinction in proportions between 
double and duplicate, proceeded long after from 
want of knowledge that the proportion of one to 
two is double to the proportion of one to four ; 
imd this from ignorance of tl»e different nature of 
proportions of excess, and proportions of de/'ecf. 
And you that have nothing- but by tradition sow 
Dot the absurdities that did hang thereon. 
In the second article I make EK, (fig. 1) the 
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LRssoM V. third part of L K, which you say U false ; ani 
consequently the proposition uiidemonst rated 
And thus you prove it false : " Let A C be to G C 
or OK to G L, as eight to oite (for treeing ik 
point G is taken arbitrarily, we ma*j place i 
where 7ve will, ^e.J" and upon this ]>Iaciug of ( 
arbitrarily, you prove well enough that E K is no 
a third part of L K. But you did not then ob 
serve, that I make tJte altitude A G, less than an\ 
quantity gircn. and by consequence K K to diffes 
from a third part by a less difference than ani 
quantity that can l>e given. Therefore as yet thi 
demonstration proceedeth well enough. But per< 
ceiving your oversight, you thought fit (thougl 
before, you thought this confutation sufficient) t* 
endexivour to confute it anotlitT way; but witi 
much more evidence of ignorance. For when I 
come to say, the proportion therefore between A t 
and G C is triple^ in arithmetical proportion^ tt 
the proportion between G K and G K, fye. yoB 
say, " the proportion of A C to G C is the pro- 
portion of identity, as also that of G K to G £,' 
But why ? Does ray construction make it so r Dc 
not I make G C less than A C, though with les^ 
difference than any quantity that can be assigned 
And then where I say, therefore E K is the thin 
part of I. K, you come in, by parenthesis, witl 
(or afanrth, or a ffth, ^c.) Upon what ground 
Because you think it will pass for current, witboui 
proof, that a point is nothing. Which if it do 
geometry also shall piuss for nothing, as having nf 
ground nor beginning but in nutliiug. But 1 hav* 
already in a former lesson sufficiently showed yot 
the consequence of that opinion. To which 1 may 
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lAd, that it destroys the method of indicisibles, lkssonv, 
ioreiited by Bouaventura ; and iipou xvhich, not j,i_j^,|^^^* 
wt'll understood, youliuve grounded all your scuny'i'^**|««^*'> 
Iwok of Arilhmelira Injinilonim ; where your 
indivisibles have nothing to do, but as they are 
sii|iIioscd to have quantity, that is to say, to be 
dkmhlea. You allow, it seems, your own uothuigs 
to be somethings, and yet will not allow my some- 
things to be considered as nothing. Tlie rest of 
your objections havinj^ no other ground than this, 
" that n point is nothing" my whole demonstra- 
tion standeth firm ; and so do the demonstrations 
of all sueh geometricians, ancient and modem, aa 
have inferred any tiling in the manner foUowinfC, 
viz. ff it be nut greater nor /e.-i.t, then it is equal. 
Hut it is neither greater nor texx. Thenjore, /|'c. 
4/" it be greater, soy htj how much. By so much. 
^f is not greater by so much. Therefore it is not 
f^reaier. I J' it be less, say hoic much, ^'r. Which 
Wing good demonstrations are together with mine 
overthrown by the nothingness of your point, or 
father of your uudcrstandiuj; ; upon which you 
nevertheless have the vanity of advising me what 
to do» if I demonstrate the same again ; meaning 
I should come to your false, impossible, and absurd 
Oiethod of Arithmetica Injiniloruvt, worthy to be 
^Ided, I do not mean with gold. 

And for your question, why 1 set the base of my 
figure upwards, you may be sure it was not be- 
cause I was afraid to say, that the proportions of 
the onlinute lines beginning at tbe vertex were 
triplicate, or otherwise multiplicate of the propor- 
tions of the intercepted parts of the diameter. 
For I never doubted to call double duplicate, nor 
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LESSON V. triple triplicate, &c., or if I liad, I should hove 
avoided it afterwards at the tenth artinlc of the 
same ciiapter. But because when I went about to 
compare the proportious of the ordinate Hues with 
those of their contiguous diuineters, the first thing 
i considered in them was in what mauucr the base 
grew less and less till it vanished into a point. 
And though the base bad been placed below, it 
had not therefore required any change in the de- 
monstration. Hut I was the more apt to place the 
base uppermost, because the motion began at the 
base, and ended at the vertex. To proceed which 
way I pleased was in my own choice ; and it is of 
grace that I give you any account of it at all. ^ 

To the third article, together with its table, yiP 
8ay, " it falls in the ruin of the second ; and that 
the same is to be understood of the sixth., seeenth, 
ctghth, and ninth" For confutation whereof I 
need to say no more, but that they all stand good 
by the confutation of your objections to the 
second. ^ 

To the fourth article you say, " the descriplttm 
tif those cttrvilineiil Jigurcs is easy." True, to 
some men ; and now that I have showed you the 
way, it is easy enough for you also. For the way 
you propound is wholly transcribed out of the 
figure of the second article, which article you had 
before rejected. For seeing the lines H F, G E, 
A B, &c. are equal to the lines CO,, CO, CD; and 
the lines ft F, O E, B D, equal tn the lines C H, 
CG, C A ; the proportion of D B to O E, will be 
triple (that is, triplicate) to the proportion of CO 
to G G ; and the proportion of D U to Q F, triple 
to the proportion of C D to C Q ; and conscipienl 




bccanse the complcmeut B D C F E B is made by lbsson v, 
the decrease of A C in trijile proportion to that of oi &>*■«. 
the decrease of CD, it will be (by the senond '»««"«■''■ 
article) a third part of the figure A B E F C A. 
So that it comes all to one pass, whellier we take 
triple proportion in decreasing to make the comple- 
ment, or triple proportion in increasing to make 
the fi^re ; for the proportion of H F to B A, is 
triple to the proportion of C H to C A. Wherefore 
you have done no more hut what you have seen 
6rst done, saving that from your construction you 
prove not the fifi^ureto be triple to the complement; 
perhaps because you have proved the contrary in 
jroar Arifhmetica Injiniforum. But your way 
differs from mine, in that you call the proportion 
snbtripUcate, which I call triplicate ; as if the 
divers naming of the same thiu^;: made it differ 
from itself. You might as well have said briefly, 
the proposition is true, but ill ]>roved, because 1 
call the proportion of one or two triple, or tripli- 
cate of that of one to eight; which you say is 
foUe, and hath infected the fourth, fifth, ninth, 
tenth, eleventh, thirteenth, fourteenth, fifteenth, 
sixteenth, seventeenth, and nineteenth articles of 
the sixteenth chapter. But I say, and you know 
now, that it is true ; and that all those articles are 
demonstrated. 

Lastly you add, " Tu cero^ in prescnte articnlo^ 
ffc. ide8t,you bidjindas many mean proportionals 
an one will, bettceen ttvu given fines ; as if tfuU 
could not be done by the geometry of planes, i^'c." 
You might have left out Tu lero to seek an I'^go 
t/rtidem. But tell me, do you think that you can 
find two mean proportionals (which is less than 
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LESSON V. as many as one will) by the geometry of plahw: 
We shall see auou how you go about it. I never 
said it was impossible, and if you look ujHjn the 
places cited by yuu more attentively, you will fiud 
yourself mistaken. But 1 say, the way to do it 
has not beeu yet found out, and therefore it may 
prove a solid problem for anything you know. 

The fifth article you reject, because it citeth the 
cwroUarj* of the twenty-eighth article of the thir- 
teenth chapter, where there is never a word to 
that purpose. But there is in the twenty-sixth 
article ; which was my own fault, though you knew 
not but it might have been the printer's. 

To the tenth you object for almost three leaves 
together, against these words of mine, because, 
in the sixth figure, li C is to BF in Iriplieate 
proportion of C D to F E, therefore inrerting. 
FE /'« io CD in fripUcate proportion of Bf 
to DC. Tliis you objected then. But now tliai 
I have taught you so much geometry, as to kn 
i/iftt of three quaniitieSy beginning at the feast ^ 
the third be to thejirsl in triplicate proportion of 
the second to thefirsf^ also by conversion thejirst 
io the second shall be in iriplieate proportion o/T 
the Jirst to tlte tlurtl; if it were to do again, yo^H 
would not object it. ^1 

My eleventh article you would allow for demon- 
strated, if my second had been demonstrated, 
upon which it dependeth. Therefore seeing your 
objections to that article are sufficiently answered, 
also is to be allowed. 
h also is allowed upon the same rea- 
falsities you shall find in such follow- 
ons as depend upon the same second 
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article, we shall then sec when I come to the plac«s lrssos v, 
where you object against them. ota^miu. 

To the thirteenth article you oh\ect, " i/iat /A* »»*>'*"'' i" 
tame aemonstratton may be as teell applied to a 
portion of any conoeides, parabolical, hyperbolic 
«/, eliipliealf or any ot/ter^ aa to the portion <^f a 
tphere." By the truth of this let any man judi^e 
of your and my geometry. Your comparison of 
the sphere and conoeides, so far holds good, as to 
prove that the superficies of the conoeides is 
greater than the superficies of the cone described 
by the Buhtcnse of the parabolical, hj'perbolical, 
or elliptical hue. But when I come to say, that 
tke cause of' the excess of the Jti/perfiries of the 
portion of the .tphere above the xuperjiriea of tfie 
cose, consists in the angle D A li, and the cause 
^ the excess of the circle madi^ upon the tangent 
A D, above the snpcrficies of the same cone, ron- 
*«/« in the viagnifnde of the same angle D A B^ 
W will you apply this to your couoeides r For 
sopjWBe that the crooked line A B (in tlie seventh 
figure) were not an arch of a circle, do you think 
that the angles which it maketh with the subtense 
AB, at the points A and B, must needs be eijual ? 
Or if they be not, does the excess of the superficies 
ofihe circle upon A D above the superficies of the 
Cone,orthe exccssof tlie superficies of the portion of 
the conoeides above the superficies of the same cone, 
consist in the angle I) A B, or rather in the magni- 
tadc of the two unequal angles D A B, and ABA? 
^oa should have drawn some other crooked line, 
uid made tangents to it through A and B, and you 
*ould presently have seen your error. See how 
jou can answer this ; for if this demonstration of 
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ON V. mine stand firm, I may be bold to say, tliougb th? 
;^i^ same be well demonstrated by Archime<tes, that tbis 
2Lta ^^J ^^ mine is more natunil, as proneediii^ 'im- 
P mediately from the natural efficient causes of the 
I effect contained in the conclusion ; and besides, 
I more brief and more easy to be followed by the 
^^ fancy of the reader. 

^f To the fourteenth nrticlc you say that I " commit 
a circle in Ihnt I require in the fourth article the 
Jtiidiiif* of ttro mean proporttotuifs. ami come not 
till HOW to .tfiow how it is fo be done.'' Nor now 
neither. But in the mean time you commit two 
mistakes in saying' so. Tlie place cited by yon in 
the fourth article is, in tlie Latin, p. 215, line 2(5, iu 
the English, p. 2i>.'i, line 24. Let iiny reuder judge 
whether that he a requiring it, or a supposing it to 
be done ; this is your first mistake. The second 
is, that in This plane t!u; proportion itself, which is:, 
" ff these dejicicnt Jigurex could he described in 
a parallelogram exquisitcltf^ there might hejound 
thereby between any two lines given ^ as many mean 
profMrtionali at one would" is a theorem, upon 
supposition of these crooked Hues exquisitely 
drawn ; but you take it for a problem. 

And proceeding iu that error, you undertake 
the invention of two mean proportionals, using 
therein my first fiiiurc, which is of the same con- 
struction with the eifshth that belougeth to this 
fourteenth article. Your construction is, " Lei 
there be taken in the diameter C A, (Jig. }J thc 
two gipeu lines, or two others proportional to 
them, as C //, C G, and their ordinate lines U Ft 
O E {which by construetion arc in suhtripUcate 
proportion of the in/ereeptrd diameters). These 
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tinea trtJ/ x/iow the proporlions which those four lesson v. 
froportiunaU are to have." But iiiiw will you o,^^7faiiur' 
find the length of H F or G E, the ordiuate lines ? ^ "^Jl. 
^Vill you not do it hy so draning the crooked Udc 
CFB, as it may \aisa tlirougli both the points F 
and E ? You may make it pass through one of 
Uiem, but to make it pasw through the other, you 
oiQst find two mean proportionals between O K 
and G L, or between H I and II P ; which you can- 
not do, unless the crooked lino be exactly drawn ; 
which it cannot be by the geometry of planes. 
Go shew this demonstration of yours to Orontius, 
and see what he will say to it. 

I am now come to an end of your objections to 
the seventeenth chapter, where you have an ept- 
phonema not to be passed over in silence. But 
becjiuse you pretend to the demonstration of some 
of these propositions by another method in your 
-firithmetica Injiintorinn^ 1 shall first try whether 
>'0U be able to defend those demonstrations as well 
I have done these of mine by the method of 
"■notion. 

The first proposition of your Aritkmetica Infni- 
tontm is this lemma : " fn a .vcriet, or row of 
^uantitiex, arilhmeticaUtf proportional, l/egintting 
€ii a point or cypher^ as 0, 1,2, 3, 4, ^v. to Jind 
/he proportion of' the ag^rrrf^ate of them a/lj to 
the aggregate of so mani/ times the greateity as 
there are tervis" This is to be done by multiply- 
ing- the greatest into half the number of tlie terms. 
The demonstration is easy. But how do you 
demonstrate the same r " The most simple way" 
say you, " of ^fiMling this and some other jtroblems^ 
in to do the thing itself a little tcmjy and to 
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LB550N \', observe and compare the appearing propcrtiom, 
OfiiiTrl^ ««r? then by iuf/uetion fo conclude it nnirersallif." 
iu«ioceTiri» Etrrccious logicians and geometricians, that think 
an induction, without a numeration of all the par- 
ticulars sufficient, to infer a couchision universal, 
and fit to be received for a geometrical demonstra- 
tion ! But why do you limit it to the natural 
consecution of the numbers, 0, I, 2, 3, 4, &c? Is 
it not also true in these numbers, 0, 3, 4, 0, &c. or 
in these, 0, 7, 14, 21, &c ? Or in any numbers 
where the ditference of notbiiic; and the first num- 
ber is equal to the difference between the first and 
second, and between the second and third, &c.? 
Af?ain, are not these quantities, 1 , 3, 5, 7, &c. in 
continual proportion arithmetical r And if yon 
put before them a cypher thus, 0, 1,3, 5, 7, do yon 
think that the sum of them is equal to the half of 
five times seven? Therefore though your lemma 
be true, and by me (Chap. xiii. art. 5) demon- 
strated ; yet you did not know why it is true*, 
which nlsn appears most evidently in the first propo- 
sition of your ComVAVf //Off.?, where first you hare 
tliis, *' thai a purallelogrmn whose aUitnde is Infi- 
niteiy Hitie, that is to say, none, m ararcc anything 
else but a line." Is this the lan^age of geometry ; 
How do you determine this word scarce ? The 
least altitude, is somewhat or nothing. If some- 
what, then the first character of your arithmetical 
progression must not be a cypher; and conse- 
quently the first eighteen propositions of this your 
Arithmefica Jttfiniforum are all nought. If no- 
thing, then your wliole figure is without altitude, 
and consequently your understanding uongfab 
Again, in the same proposition, you say thus: 
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" We will sometimes call those pantllehgrams li-hsun v. 
raiher by the name of' tines than of parallelo- ^^"^^^ '^^^J^ 
grams, at least when there is uo consideration o/'ii>«»'"c..rit, 
a determinate altitude ; but where there is a con- 
sideration of a determinate altitude (tchlch tcill 
happen sometimes) there that little altitude shall 
be so far considered, as that being infinitely 
multiplied it may be equal to the altitude of the 
whole Jigure." See here in what a roiifusion you 
are wheu you resist the truth. When you consider 
DO determinate altitude, that is no quantity of 
altitude, tlieu you say your parullelogrnin shall be 
called a Hue. But wheu the altitude is determined, 
that IS, >vbc'U it is quautity, thou you will coll it a 
parallelogram. Is uot this the very same doetrine 
-which you so muirh wonder at and reprehend in 
me, tu your objections to ray eighth chapter, and 
your word considered used as I used it r It is 
very ugly in one that so bitterly reprehendclh a 
doctrine in another, to lie driven upon tlie same 
himself by the force of truth when he thinks not 
on it. A^iun, seeing you admit in any ease those 
infinitely little altitudes tt> be quantity, what need 
you this limitntion of yours, " so far forth as that 
by multiplicaiion they may he made equal to the 
altitude qftfw whole Jigure ?" May uot the half, 
the third, the fourth, or the fifth part, &c. be made 
equal to the whole by multiplication ? AVhy could 
you not have said plainly, so far forth us that 
every one of those infinitely little altitudes be not 
tmJy something hut an aliquot part of the whole 9 
So you will have an iiifiuitely little altitude, that 
to say, « jmint to be both nothing and something 
«(/ an aliquot ]ntrt. And all this proceeds from 
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LESSON V, not understanding the ground of your profession. 
Well, the lemma is true. Let us see the tlieorems 
you draw from it. The first is (p. 3)"/Aa/ a tri- 
au'jh' to a paralieiogram of equal base ami alti- 
tude i.H ax one to two." The couclusiou is trne, 
hut how know you that r " Because" say you, 
" the friatigle consists as it were [<w it were, is 
no phras* of a geometrioiauj of' an irtfinite nnm- 
her of straight puralhl lines'* Does it so ? Then 
by your own doctrine, which is, that " lines have 
no breadth" the altitutle of your triangle consist- 
etb of an infinite number of no altitudes, that is 
of an infinite number of nothing, and conse- 
quently the area of your triaugle has no quantity. 
If you say that by the parallels you mean infinitely 
little parallelograms, you are never the better ; for if 
infinitely little, either they are nothing, or if some- — 
w hat, yet seeing that no two sides of a triangle are -^ 
parallel, those parallels cannot be parallelograms.— 
I see they may be counted for parallel oarrams bj 
not couiiidering the quantity of their altitudes 
the demonstration. But you are barred of tlia 
plea, by your spiteful atoning against it in yon 
Elenchus. Therefure this third proposition, an 
with it the fourth, is undemonstrated. 

Your fifth proposition is, " the spiral line i 
equal to half the circle of thejirst revolution" Bu 
what spiral line r AVe shall undei-stand that b_ 
your construction, which is this : " The straigh^^^ 
line M A [in your figure which I have placed a^* 
the end of the fifth lesson] turned round {th^^ 

point M rctmnning unmoted) is supposed to He 

scribe with its poitd A the circle A 0.4, ichils-^ 
sotne pointy iu thesanw M A^ whilst it goes abt ' 




is sttffposrtl to Im' mored uniformly from M to A, i.cssonv. 

tletcril/iNS the spiraf tine" This therefore, is the ^, , ; " 
^ * . , or til- fttiiu 

spiral lino of Archimedes; and your proposition ii-io«hiTtii 
aflirms it to be equal to the half of the circle 
AO x\. ; which you perceived not long after to be 
false. But thinking it had been true, you go 
about to prove it, "A/y inscrihlnjr in the circle au 
iiffinite mttltitude of equal angles ^and consequent hj 
fflfl injinife nnmber of sectors, whose arches will 
therifore he in arithmeticid proportion ;" which is 
true. '* And the aggregate of those arches equal 
la half the rircuuiferencc AOA ;" which is true 
also. And thence you' (conclude " that the spiral 
line is equal to lialf the circumference of the cir- 
cle A O A ;" which is false. For the aggregate 
of that iiititiitc number of in6nitely little arches, 
is not the spiral line made by your coustruction, 
seeing by your constrnctiou the line you make is 
manifestly tlie spiral of Archimedes; whereas no 
number, though iutinite, of arches of circles, how 
little soever, is any kind of spiral nt nil ; and 
though you call it a spiral, that is but a patch to 
cover your fault, and decciveth no man but your- 
self. Besides, you saw not bow absurd it was, for 
)'oa tbat hold a point to be absolutely nothing, to 
iiiake an intinite number of equal angles (the radius 
increasing as the uumber of angles iucrcaseth) and 
then to say, " thai the arches of the sectors whose 
angles thtttj are^ are as 0, 1, 2, 3, 4, &c." For 
you make the first angle 0, and all the rest equal 
to it ; and so make 0, 0, 0, 0, 0, &c. to be the same 
progression with 0, 1,2, 3,4, &c. The influence 
of this absurdity reacheth to the end of the eigb- 
teeuth proposition. So many are therefore false, 
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or nothing worth. And you needed not to won^ff 
that the doctrine contained in them was omitied 
by Archimedes, who never was so senseless as wj 
think a spiral line was compounded of arches ofj 
circles. 

Your nineteenth proposition is this other lemmfl: . 
'* /« a series, or a rtnv, of' qnantities^ beginning I 
from a pointy or cypher y ami proceeding accord' 
ing to ike order <if the square mtmhers, ft-t 0, 1,4, 
9, IG, ^v. to ^find what proportion the whole series 
hath to 80 many times the greatest.^* And you 
conclude " the proportions to be that of I to 3." 
Which is false, as yon shall presently see. First, 
let the series of squares with the prefixed cypher, 
niid under every one of them the greatest 4 be 
■ffj-f- ^ And you have for the sum of the squares 
5, and for thrice the greatest 12, the third i>art. 
whereof is 4. But 5 is greater than 4, by 1, thaft^ 
is, by one twelfth of I'J ; which (juantity is some^ 
what, let it be called A. Again, let the row of 
squares be lengthened one term fiirthcr, and the 
greatest set under every one of them as ihrri^- 
The sum of the squares is 14, and the sum of fot^_ 
times the greatest is 36, whereof the third part is I j|| 
But 14 is greater than 12 by two unities, that is, 
by two twelfths of 12, that is, by 2 A. The differ- 
ence therefore between the sum of the squares, 
and the sum of so many times the greatest square, 
is greater, when the cypher is followed by three 
squares, than when by but two. Again, let the row 
have five terms, as in these numbers ^ 
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with the greatest five times Jescribed, and the sui 
of the squares will be 30, the sum of all the grei 
est will be 80. The third part whereof is 26 




But 30 is greater than 26 ' by 3^, that is, by three i.ksson 
twelfths of twelve, and | of a Iwelftli, that is, by onwuuiu 
S\ A. Likewise in the series continued to six'*""""'"'™ 
places with the greatest six limes subscribed, as 
»' »!g>'M'.» '!^ the sura of the squares is 55, and 
the sum of the greatest six times taken is 150, the 
third part whereof is 50. But 55 is greater than 
JO by 5, that is, by five-twelfths of 1 2, that is by 
5 A. Aud so continually as the row groweth longer, 
the excess also of the aggregate of the squares 
above the third part of the agf^regate of so many 
limes the greatest square, growing greater. Aud 
consequently if the number of the squares were 
infinite, their sum would be so far from being equal 
to the third part of the aggregate of tlie greatest 
as often taken, as that it would be greater than it 
by a quantity greater than any that can be given 
or named. 

That which deceived you was partly this, that 
you think, iia you do in your E/^'ncAns, that tliese 
fractions I'i ig a si L &c. are proportions, as if w 
"Were the proportion of one to twelve, and conse- 
quently n double the projjortiou of one to twelve; 
which is as uniutelligilile a.s school-divinity ; and I 
assure you, far from the meaning of Mr. Ougtbrcd 
in the sixth chapter of his Ciavis Maihematicay 
where he says that 4 y- is the proportion of 31 to 
7 • for his meaning is, that the proportion of 
4 T-to one, is the proportion of 31 to 7 ; whereas 
if he meant as you do, then 8-r should be double 
the proportion of 31 to 7. Partly also because 
you think (as in the end of the twentieth proposi- 
tion) that if the proportion of the numerators of 
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these fractions Taia'5i"5o>i to their denominators 
decrease eternally, they shall so vaTiish at last as 
to leave the proportion of the sum of all the 
squares to the sum of the greatest so often taken, 
(that i&, on intiuite number of times), as oue to 
three, or the sura of the greatest to the sum of the 
increasing sfjuares, as three to one ; for which 
there is no more reason than for four to oue, or 
five to oue, or any other such projwrtiou. For if 
tlie proportions come eternally nearer and nearer 
to the subtri])le, they umst needs also come ucarer 
and nearer to sub[|uadniple ; and yon may as well 
conclude thence that the upper quantities shall be 
to the lower quantities as one to four, or as one 
to 6ve, &c. as couclude they are as one to three. 
You can see without admonition, what effect this 
false ground of yours will produce in the whole 
structure of your Aritfnnetica fnfinitorum ; and 
how it makes all tiiat you have said unto the end 
of your thirty-eighth proposition, uudemoustrated, 
and much of it false. ^| 

The thirty-ninth is this other lemma: ** Tn^ 
series of qimutitiex hef^hining with a point or 
cypher, and proceeding according to the scries of 
the cubic ntit/ihers, as 0. I. 8. 2/. 64, ^c, io Jind 
the proportion of the sum of the cubes to the sum 
oj' the greatest cube, so many times taken as there 
be terms" And you couclude that *' thet/ have a 
proportion of \ to ^ ;" which is false. fl 

Let the first series he of three terms suhscribSr 
with the greatest g '. w ". g \ the sum of the cubes 
is nine ; the sum of all the greatest is 21 ; a quar- 
ter whereof is 6. But 9 is greater than 6 by thrt-e 
uuities. An unity is something. Let it be there- 
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fore A. Therefore the row of cubes is greater lbsson v. 
than a quarter of three times eight, by three ^ ot^^u^ 
keain, let the series have four terms, as "? Jt;^" " ; A"<*c"'f iu 
»e sum of the cubes is 36 j a quarter of the sum 
of all the greatest is twenty-seven. But thirty- 
six is greater than twenty-seven liy nuie, that is, 
by !) A. The excess therefore of the sum of the 
cubes above the fourth part of the sum of all tiie 
greatest, is increased by tlie increase of the num- 
ber of terms. Again, let the terms be five, as 
Ir . S T it rZ. " ^ » the sum of the cubes is one hundred ; 
the sum of all the greatest three hundred and 
twenty ; a quarter whereof is eighty. But one 
hundred is greater than eighty by twenty, that is, 
by 20 A. So you see that this lemma also is false. 
And yet there is grounded upon it all that which 
you have of comparing paraliolas and parabolo- 
eides with the parallelograms wherein tliey are 
accommodated. And therefore though it be true, 
that the parabola is "-, and the cubical parabolo- 
eides -J- of their parallelograms respectively, yet 
it is more than you were certain of when you 
referred me, for the learning of geometry, to this 
book of yours. Besides, any man may perceive 
that without these two lemmas (which are mingled 
with all your compounded series with their excesses) 
there is nntliing demonstrated to the end of your 
book : which to prosecute particularly, were but 
a vain expense of time. Truly, were it not that I 
must defend my reputation, I should not have 
showe<l the world how little there is of sound doc- 
trine in any of your books. For when I think how- 
dejected you will be for the future, ami how the 
grief of so much time irrecoverably lost, together 
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LESSON V. with the consaence of taking so great a stipend, 
for mis-teaching the young men of the University, 
and the consideration of how much your friends 
will be ashamed of you, will a<:noinpaiiy you for 
the rest of your life, I have more compassion for 
you than you have deserved. Your treatise of the 
Angle of Contact y I have before confuted in a very 
few leaves. And for that of your Conic Sections^ 
it is so covered over with the scab of symbols, that 
I had not the patience to examine whether it be 
well or ill demonstrated. 

Yet I observed thus much, that you 6nd a tan- 
gent to a point given in the section by a diameter 
given J and in the next chapter after, you teach 
the finding of a diameter, which is not artificially 
done. 

T observe also, that you call the parameter an 
imaginary line, as if the place thereof were less 
determined than the diameter itself ; and then yon 
take a mean proportional between the intercepted 
diameter, and its contiguous ordinate line, to find 
it. And it is true, you find it : but the parameter 
has a determined quantity, to be found without 
talking a mean proportional. For the diameter and 
half the section being given, draw a tangent throngfa 
the vertex, and dividing the angle in the midst 
which is made by the diameter and tangent, the 
line that so divideth the angle, will cut the crooked 
line. From the intersection draw a line (if it be a 
j)arabola) }mralle] to the diameter, and that line 
shall cut off in the tangent from the vertex the 
parameter sought. But if the section be an ellipsis, 
or an hyperbole, you may use the same method, 
saving that the line drawn from the intersection 



must not be parallel, but must pass througb the lesson v. 
eud of the transverse diameter, and then also it „,~ ,' .. 

' Of (he- fault* 

shall cut off a part of the tautr eut. which meai:urf;d •^»' '""" '" 

. , * . , nil 4«>MilMUUlaB. 

from the vertex is the parameter. So that there 
is no more reason to call the parameter an imagi- 
nary line than the diameter. 

Lastly, I observe that in all this your new method 

of conies, you show not how to find the huniiug 

points, which writers call thd J'oci and Hjubilici of 

the section, which are of all other things belonging 

to the conies most useful in phih)sophy. Why 

therefore were they not as worthy of your pains 

as the rest, for the rest also have already been 

cieinonstrate<l by others ? You know the focus of 

the parabola is in the axis distant from the vertex 

a quarter of the parameter. Know also that the 

focus of an liyperbolc; is in the axis, distant from 

the vertex, as much m* the hypotenusal of a reetan- 

glcd triangle, whose one side is half the transverse 

axis, the other side half the mean proportional be- 

t.weeii the whole transverse axis and tlie jjarameter, 

is greater than half the transverse axis. 

The cause why you have performed nothing in 
any of your books (saving that in your Elenchits 
you have spied, a few negligences of mine, which I 
need not be ashamed of) is this, that you under- 
stood not what is quantity ^ line^ superficies, angle, 
and proportion ; without which you cannot have 
the science of any one proposition in geometry. 
From this one and first definition of Euclid, " o 
point is that whereof there is no party" under- 
sto(Ml by Sextus Empiricus, as you understand it, 
that is to say misunderstood, Sextus Empiricus had 
utterly destroyed most of the rest, and demonstra- 
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LESSON V. ted, that in geometry there is uo science, and Dy 
that meaus yoa have betrayed the most evident of 
the sciences to the sceptics. But as 1 understand 
it for /Art/ whereof no part is reckoned^ his argu- 
ments have no force at all, and geometry is re- 
deemed. If a line have no latitude, how shall a 
cylinder rolling on a plane, which it toucbeth not 
but in a line, dei^cribe a superficies ? How can you 
affirm that any of those things can be without 
quantity, whereof the one may he greater or less 
than the other? But in the common contact of 
divers circles the external circle makcth with the 
common tangent a less angle of contact than the 
internal. Why then is it not quantity ? An au^^te 
is made by the concourse of two lines from several 
regions, concurring, by their generation, in one 
and the same point. How then can you say the 
angle of contact is no angle r One measure can- 
not be applicable at once to the angle of contact, 
and angle of conversion. How then can yoa 
infer, if they be both angles, that they must be 
homogeneous? Proportion is the relation of two 
quantities. How then can a quotit^nt or fraction, 
which is quantity absolute, be a proportion ? But 
to come at last to your Epip/tojiema, wherein, 
though 1 have perfectly demonstrated all those 
propositions concerning the proportion of para- 
bolasters to their parallelograms, and you have 
demonstrated none of them (as you canuot now 
but plainly see), but committed most j;ross paralo- 
gisms, how could you be so transported with pride, 
as insolently to compare the setting of them forth 
as mine, to the act of him that steals a horse, and 
c<imes to the gallows for it. You have read, I 
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lliink, of the grallows set up by Hanmu. Remein- lksson v. 
ber therefore also who was hanged uix)a it. ot^^^^i^ 

After your clejeiaiuii 1 shall comfort you a little, a ihitotwum 
very little, witfi this, that wultwls this eighteenth 
chapter contaiiieth two problems, one, '* thefuuHng 
of a straifi;hi line equitf to the crookedViw' of a semi- 
parabola ;" the other, '* (hejinding ufstrui'^bt lines 
effMal lo the crooked lines of the }»traholnster.s, in 
the table of the third article of the fereHteenth 
c/ittpter •" you have truly demonstrated that they are 
both false ; and another hath also demonstrated the 
siune another way. Nevertheless, the fault was not 
iTa my method, but in a mistake of one line for ano- 
^lier and such as was uot hard to correct ; and is 
»i ow so corrected in the English as you shall not be 
^.ble (if you can sufticiently imagine motions) to 
**«prehend. The fault was this, that in the tri- 
angles which have the same base and altitude with 
tlie parabola and parnhol aster, I take for designa- 
tion of the mean uniform im[ietus, a mean pro- 
Jsortional, in the first figure, between the whole 
«3iameter and its half, and, in the second figure, a 
^3icnn pr{tp(irtional between the whole diameter 
and its third part; which was manifestly false, 
and contrary to what [ had shown in the sixteenth 
chapter. "Whereas 1 ought to have taken the lialf 
of the base, as now I have done, and thereby 
exhibited the straight lines equal to those crooked 
lines, as I undertook to do. AXHiich error therefore 
proceeded not from want of skill, but from want of 
care ; and what I promised (as hold as you say the 
promise was), 1 have now performed. 

The rest of your exceptions to this chapter, are 
to these words in the end: " Thei'e be some that 
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LESSON V. ffojr, that though there fte equaVify between ti 
strairrht and crooked line, yet now, they say, after 
the Jail of Adani, it cannot be found without ih' 
especial help of divine f^race.''* And yoa say 
you think there be none that say so. I am not 
bound to tell you who tliey are. Nevertheless, 
that other men may see the spirit of an ambitions 
part of the clergy, I will tell you where I read h. 
It is in the Prolegomena of Lalovera, a Jesuit, lo 
his Ciimdrature of the Circle, p. 1 3 and 1 4, in these 
words:" Quamvin circuli tetragonismujt sit ^wiu 
possibilis, an tamen etiam *poc n/iac, hoc est, jmst 
Ada" lapsmn homo ejus scientiam absque speeiali 
dirinw. gra.ti<r au-xilio, possri compararc. Jure 
meriio inquirunt theologi, pronunciantque ; hane 
veritatem tanta esse caligine involutam vt illam 
videre nemo jtossify nisi ignorantiee ex prim'i 
parentis prtrtaricatione propaifatas tenehras in- 
debi/us dirinte Ittcis radius dissipet ; quod rerissi- 
mum esse sentto." Wherein I obsened that he, 
supposing he had found that quadrature, would 
have us believe it was not by the ordinnry and 
natural help of God (whereby one man reasoneth, 
judgeth and remembereth better than another), but | 
by a special (which must be a supernatural) help 
of God, that he hiith given to him of the order of 
Jesus above others that have attempted the same I 
in vain. Insinuating thereby, as handsomely as he \ 
could, a S})ecial love of God towards the Jesuits, i 
But you taking no notice of the word special, 
uld have roeii think 1 held, that human scienc^y 
t be acf^uired without any help of God. Ani^^ 
■npoti proceed iu a i^eat deal of ill language 
end of your objections to this chapter. But 
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I shall take notice of your maimers fur altogether lesson v. 
in niv next lesiion. „, . ' "' 

Of l)>a r«>|l(i 

At the nineteenth cnnpter you si* not, you sfiy, Uirfownri 
ihe method. Like euouirb. lu this chapter I' 
consider not the cause of refleclion^ which con- 
eisteth in the resistance of bodies natural ; but [ 
Mnsider the consequences, arising from the suppo- 
>itiou of the equality of the angle of reflection, to 
that of incidence ; leaving the causes both of re- 
flection, and of refraction, to be handled together 
in the twenty-fourth chapter. Which method, 
think what you will, 1 still think best. 

Secondly, you suy I dehne not .here, but many 
chapters after, what an angle of incidence, and 
what an angle of reflection is. Had you not been 
more hasty than diligent readers, you had found 
that those definitions of the angle of incidence, 
and of reflection, were here set down in the first 
*irtiele, and not deferred to the twenty -fourth. 
Let not therefore your own oversight be any more 
brought in for an objection. 

Thinlly, you say there is no great difiicutty in 
^be business of tins cba])ter. It may be so, now 
it is down ; but before it was done, I doubt not 
but you that are a professor would have done the 
^ftme, as well as you have done that of the Angle 
Hf Contact^ or the business of your Arithmetica 
^ nfiniturnm. But what a novice in geometry would 
■lave done I cannot tell. 

To tlie third, fourth, and fifth article, you ob- 
ject a want of determination ; and show it by in- 
stance, as to the third article. But what those 
*lelerminations should be, you determine not, 
t>ccause you could not. The words iu the third 
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article, are first thes«, if there fatt two 
livrs jmraflel, ^*r. whinh is too general, 
be, // there fall the same waij two straight Hues 
paraUel, ^-e. Next these, their rrjlected Unet 
protluced inwards fthall make an auf^le^ ^t. Tliis 
also is too general. I should have said,MWr r*'- 
Jlected lines prodtwed imcartf^^ij' they meet within, 
shall make an anf^le, ^'c. Wliitrli done, both this 
article and the fourth and fifth are fnlly deinon.stm- 
ted. And without it, an intelligent reader hud 
been satisfied, supplying tlie want lUmself by the 
construction. 

To the eighth, you object only the too 
length .and labour of it, because you can do 
shorter way. Perhaps so now, as being easy to 
shortea many of the demonstrations both of Euclid, 
and other the best geometricians that are or have 
been. And this is all you had to say to my niue- 
teenth chapter. Before I proceed. 1 must put you 
in mind that these words of yours, ** adducis mnl- 
htim, ut ocridax miiscam" are not good Latin. 
malleum offers^ malleum adkibes^ malleo uteri*, 
are good. When you s|>eak of bringing bodies 
animate, ducere and addacere are gooil, for there 
to brings is to guide or lead. .iVnd of bodies inani- 
mate, adducere is good for attraherc, which is to 
draw to. Hut when you bring a hammer, wUl yoQ 
say adtluco mafleum, i lead a hammer 9 A man 
may lead another man, and a ninny may be said to 
lead anothrr ninny, but not a hammer. Nerer- 
^ess, I should not have thought fit to reprehend 
lult upon this occasion in an Engilishmau, 
take notice of il, but that I find you in 
aces uibbliu^t but causelessly, at my Latiu. 
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Coneenxiiig the twentieth chapter, before I an- i,Rsst)s v, 

swer to the objections against the propositions oi u«. ^,,11. 

themselves, I must answer to thfi exception you "■"»**''»» '" 

first take to these words of mine, Qttfe ae dt- 

meiuiotte circuit et anguhrum pronuntlata sunt 

ImqHam exacte im-enia, accipiai lector ianqumii 

dkta prohfematice. To wliich you say thus : " }Ve 

are wont in geometry to call tome profjo- 

*iltoM theorems, others prol/l^ms^ ^c. of which 

tt theorem is that wfierein some nssertion is jtro^ 

pounded to be proved; a problem that wherein 

somethi/i^ ts commanded to he done." Do you 

mean to tte done, and not proved ? By your favour, 

a prr)blem iu all ancient writers si^niBes no more 

but a proposition uttered, to the end to have it, by 

them to whom it is uttered, examined whether it 

be true or not true, fatsable or not faisable ; and 

differs not amongst geometricians from a theorem 

but in the manner of propounding. For this 

proposition, to mti/ce tin eejui/ateral triangle, so 

propounded they call a problem. But if pro. 

pounded thus : If upon the ends of' a straight line 

f^ivcH be described tivo circles, tvhuse rttdins is the 

same straight line, find there he drawn from the 

intersection of the circles to their two centres, two 

^iraight litu'ii, there ivUl be made an etjuilateral 

^fiangle, then they call it a theorem ; and yet the 

proposition is the same. Therefore these words, 

Occipial lector tanquam dicta problemat ice signify 

plainly this, that I would have the reader, take 

for propounded to him to examine, whether from 

iny constnntion the quadrature of the circle can 

t>c tndy inferred or not ; and (his is not to bid him, 

^ you inter))ret it, to fi^uare the circle. And if 
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LESSON V. you believe that prohlematice signifies probably, 
you bave beeu very nee^lijjent in observiiij; the 
senstfi of the ancient Greek philosophers in tbe 
word problem. Therefore your solemux iu geth 
laetria, &c. is nothing to the purpose ; nor had ll 
beeu thoiigli you had spoken more properly, and 
said Solent, leaving out yourselves. 

My first article hath this title, "from a Jnlst 
su}>poxition, ft faise guaffratiire qf the circled 
Seeing therefore you were resolved to show where 
I erred, you should have proved either that l!ie 
supposition was true, and the conclusion falsely 
inferred, or contrarily, that though the snpiwsllion 
be false, yet the conclusion is true ; for else yo« 
object nothing to my geometry, but only to my 
judgment, ii» thinking fit to publish it ; which 
nevertheless you cannot justly do, seeing it was 
likely to give occasion to ingenious wen (the 
practice of it being so accurate to sense) to in- 
quire wherein the fallacy did consist. .A.ud fortltf 
problem as it was first printed, but never published, 
and consequently ought to have passed for a pri- 
vate paper stolen out of my study, your public 
objecting agaiust it (iu the opinion of all men that 
have conversed so much with honest company »» 
to know what belongs to civil conversation), was 
sufficiently barbarous in divines. And seeing you 
knew I had rejected that proposition, it was bul» 
poor ambition to t«ki' wing as you thought to do, 
like beetles from my egestious. But let that be 
as it will, you will think strange now I shotdd 
resume, and make good, nt least against your ob- 
jection, that very same proposition. So much of 
the figure as is needful you will find noted with the 
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same letters, mid placed at the end of this fifth lksson v. 

lesson. "Wherein let B I, be an arch not erreater „, , ; , 

than the radios of the circle, and divided mtoiiioto^-ir'n 

four equal parts, in L, N, O. Draw S 'S, the sine "*' 

of the arch B N, and produ<;i: it to T, so as S T be 

doable to SN, that is, equal to the chord BI. 

Draw likewise a L, the sine of the arch 3 L, and 

produce it to r, so as a c he quadruple to « L, that 

is, equal to the two chords B N, N I. Ujiou the 

centre N with the radius N I, draw the arch I rf, 

cutting B U the tangent in d. Then wUl B N 

produced cut the arch I t/, in the midst at ». In 

the line BS produced take Si, equal to B S ; 

theti draw and produce h N, and it will fall on 

tlie poiut d. And B d, ST, will be equal; and 

r/ T joined and produced will fall upon o, the 

midst of the arch I d. Join 1 T, and produce it to 

the taiiprent B U in U. I sny, that the straight 

line ITU shall pass through c. For seeing B S, 

S$ A, are equal, and the anj^le atS a ri^ht angle, the 

straif^ht lines B N, and & N, are also equal, and 

the triangles B N i, r/ N o like aud equal ; and the 

Hues d T,T o equiJ. Draw o i parallel to d U, 

cutting I U in r; and the triangles d T U, «T i 

vrill also be like and equal. Produce S T to the 

sireli f/o I in e, and produce it further toy, so tluit 

the line ef be equal to T <* ; and then Sy will he 

equal looc. Thereforey"c johied will be parallel 

to BS. In cy produced take y^ equal to cf-y 

&nd draw jt** m parallel to // II, (fitting I U in m, 

(ind do in h; anil let the intersection of the 

two liuos a c and rf o be in r ; which being done, 

the triangles ?«« T, r rT will be like and equal. 

jerefor^^^m^^^n^pial ; aud consuqueptl' 
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LiiissaNv. the straight linelMTU shall pass tbrouglie. 
Dividing therefore a cm the midst at /, andSNin 
the midst at /, and joining / N, L/,tlie lines L/,<N, 
and c T produced, will all me«t in one and the 
same point of B S produced ; suppose at g. Thei-efow 
the point q beiu^ given by the two kuowii points T 
and I, the lines drawn from q through equal jKirM 
of the suie of the arch 151, (for example through 
the points P, Q, R, of the sine M I), shall cut oft 
e<|ual arches, jls R L, L N, NO, O 1. And this is 
enough to make good that problem, as to yoi 
objection. 

'Hie straight line therefore B U, for any tbinj^ 
you have said, is proved equal to the areh B I, and 
the division of any angle given into any proportion 
given, the quadrature of any sector, and the cnu 
structiou of any equilateral polygon is also giv 
And though in this also I should have erred, yet 
cannot be denied but that I have used a more 
natural, a more geometrical, and a more perspicu- 
ous method in the search of this so difficuh t 
problem, than you have done in your Ar'tihrnftira 
ttijimtorum. For though it be true tlial llm aggre- 
gate of all the mean proportionals between the 
radius, together with an infinitely little part of the 
same, and the radius wanting an infinitely little 
part of the same ; and again, between the radius, 
together with two infinitely little parts, and tb^ 
radius wanting two infinitely little parts, and |^| 
on eternally, will be equal to the quadrant (a thin^ 
which every menu geometrician knew before) ; yet 
it w^ns absurd to think those means could be euleu- 
Ittted in numbers by interpoling of a symbol ; 
especially when you make that symbol to stand for 
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a number neither true nor surd ; as if there were a lesson v. 
number that could neither be uttered in words, ^/T",*"^ 
oor not be utteretl in words. For what else is *■• "«■"' ■■• 
surd, but that which cannot be spoken ? 

To the fifth article, though your discourse be 

long, you object hut two thing;s. One is, that 

*■ Whereas the spiral of Archimedes is made of 

iwo motions, one straight, the other dradar, both 

uniforvt, I takijig the motion compounded «/' them 

OothJ'or one of those that are compounded, con- 

cftulej'alseltj, that the getteration of the spiral is 

nice to the generation of the paratmla" Wliat 

heed you use to take in your reprehensions^ appeani 

naost manifestly in this objection. For I say in 

that demoustratiou of mine, that the velocity qf 

the point A in describing the spiral increaseth 

coHtinually in proportion to the tiiues. For seeing 

it g'ocs on uniformly in the scmidiametcr, it is im- 

possible it should not pass intosn'eater and greater 

oircles, proportionally to the times^ and conse- 

<^uently it must have a swifter and swifter motion 

circular, to be compounded w ith the uniform motion 

ixi every point of the radius as it tunicth about. 

I'Tiis objection therefore is nothing but an effect of 

a. will, without cause, to contradict. 

The other objection is, that " Granting all to he 

^Tue hitherto, yet because it depends upon the 

',^^nding of a straight line equal to a parabolical 

isae in the eighteenth chapter, where I was dc- 

*^ivedy I am also deceived here." True. But 

Ilsecause in the eighteenth chapter of this English 
«*dition I have found a straight line equal to the 
s^piral hne of Archimedes. I must here put you in 
Tuiiid that by these words in your objections to the 
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'.ssoN V. fifth article at your miinber two, Quntenus rcrum 
est, etc., ive have demonstrated prop. 10, II, 13, 
Arithmetica lojiuitorum; you make it appeal 
that you thought your spiral (made of arches o 
circles) was the true spiral of An:l)imeiles ; whirl 
is fully as absurd as the quadrature of JosepbiKz:;^ 
Scatiger, whose geometry you so much despise. ^H 

To the sixth article, ^vhich is a iligressinn con 

cerning the analytics of geometricians, you den 
thai the efficient cause of the construction ougfi 
to be contained in the demonstration. As if aiii 
problem could be known to be truly done, other — ^r- 
wise than by knowing first how, that is to say, bi^" 
what efficient cause, and in what manner, it ia ic^ 
be done. Whatsoever is done without that know— ^ 
ledge, cannot be demonstrated to be done ; as yoi^ 
see in yonr computation of the parabola, aiic^ -( 
paraboloeides, iu your Arithmetica Injinitorum. 

And whereas I said that the ends of atl straifih-^^^ 
lines dratcn from a straight line, and passinfss^^ 
through one and the same point. \f their parts hm. 
proportional, shrill he in a straight Hue ; is tru<» >•* 
and accurate; as also, if they begin in the eir^ 
cuiiference tf a circle, tlietj shall also he in ih»^ 
circHmference of another circle. And so is this 
if the proportion he duplicate, tlieij shall be in m 
parabola. All this I say is true and accurately /■ 
spoken. But this was no place for the demoustra^^- 
tion of it. Others have done it. And I perceiv*' "^ 
by that you put in by parenthesis f" Inteltigi ■•■ 
credo inter duas peripherias concent ricas'* J tb^^B^ 
you underbtand notwliat I Tiiean. 

Hitherto reach your objections to my geometrv^ ■' 
for the rest of your book, it coiitaiuetli notK 
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but a collection of lies, wlierewitU you do what lksson v. 
you Ciiu, to extenunte as ^ailgar, and disgrace as «, ^^ ^^,^ 
false, that which folio wetb, and to which you have "'^''>^""'" 
made no special objection. 

1 shall tliercfore only add in this place concern- 
ing your Anafytica pet Potestafes, that it is no 
art. I'or the rule, both in Mr. Ongthred, and in 
Des Cartes, is tins ; " When a problem or question 
is propounded, suppose the //ling required done, 
and then ttning a Jit ratiocination, put A or sotne 
other rowel Jor the inri^nititde sought." How is 
a man the better for this rule witlioiit another 
rule, how to kuow when the ratiocination is fit ? 
There may therefore be in this kind of aitatysis 
more or less natural prudence, according as the 
analyst is more or less wise, or as one man in 
choosing of the unknown quantity with which he 
will be^n, or in choosing the way of the conse- 
quences which he will draw from the hypothesis, 
may have better luck than another. Hut this is 
nothing to art. A man may sometimes spend a 
whole day in deriving of consequences in vdu, 
and perhaps another time solve the same problem 

kgB a ft'.w minutes. 

PPl shall also add, that symbols, though they 
shorten the writing, yet they do not make the 
reader unden^tand it sooner than if it were written 
in words. For the conception of the lines and figures 
(without which a man loanieth nothing) must pro- 
ceed from words either spoken or thought upon. 
So that there is a double labour of the mind, one 
to reduce your symbols to words, which are also 
symlMjls, another to attend to the iilcas which they 
siguify. Besides, if you but consider how none of 
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LESSON V. the ancients ever used any of them in their pn 

Iished demon.>trations of geometry, uor in the^5 
books of arithmetic, more than for the roots an -^ 
potestates themselves; and how bad success yt>cj 
have had yourself in the unskilful using of theio, j 
you will not, I think, for the fiiture be so much in 
love with them as to demonstrate by them that 
first part you pnnnise of your Opera MaUwmattce. 
In which, if you make not amends for that whicb 
you have already published, you will much disgrace 
those mathematicians you address your epistles to, 
or otherwise have commended ; as also the Uni- 
vcrsitics, as to this kind of learning, in the aiglit 
of learned men beyond sea. And thus haviue ex- 
amined your pannier of Mathematics, and finding 
iu it no knowledge, neither of quantity, nor of 
measure, nor of proportion, nor of time, nor of ' 
motion, nor of any thing, but only of certain 
characters, as if a hen had been scraping there ; I 
take out my hand again, to put it into your other 
pannier of theology, and good manners. In the 
mean time I will trust the objections made by you 
the astronomer (wherein there is neither close 
reasoning, nor good style, nor sharpness of wit, to 
impose upon any man) to the discretion of all sort^a^ 
of readers. 
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OF MANNERS. 

RRRKOIOCS PROPBKSURS UK THK l(ATUEKATIC9 tit 
TUB CMIVKHMTT OF oXfoaii. 

LESSON VI. 

Having in the precedent lessons maintained the lessok vi, 
tnitli of my §reoinetry, and sufficiently made appear 
that your objections against it are but so many er- 
rors of your own, proceeding from miKunderst^md- 
ingof the propositions you have read in Euelid,and 
other masters of geometry ; I leave it to your cou- 
ttili'ratiou to whom belong, according to your own 
sonteticej the unliandi^ome attributes you so often 
give me upon supposition, that you yourselves are in 
the right, and I mistaken ; au<l come now to purge 
ftyself of those greater accusations which concern 
niy manners. It cannot be expected that there 
sbould be much science of any kind in a man that 
ffauteth judgment ; nor judgment in a man that 
kooweth not the manners due to a public di.s|mta- 
u»n in writing ; wherein the scope of either party 
t>Ught to be no other than the examination and 
'lanifejitation of the truth. For whatsoever is 
'dded of contumely, either directly or scommO' 
Stilly, is want of charity and uncivil^ mdess it be 
oue by way of redditiou from him that is first 
J'ovoked to it. I say unless it be by way of red- 
*ion ; for so was the judgment given by the 
njwrnr Vespasian in a quarrel between a senator 
^d a knight of Uome which had given him ill 
'tiguage. For when the knight had proved that 
^e first ill language proceeded from the senator. 
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i.i:ssoN VI. tbe emperor acquitted him in these words: ".Vafc- 
»^f«irefc *^^' senalnribus non ojyoriere ; r eiHfi led i cere, fat 
et civile esse" Nevertheless, now-a-days, anavil 
words are commoaly and bitterly used by all tliat 
write in matter of controversy, especially in divi- 
nity, excepting noiv and then such writers as hare 
been more than ordinarily well bred, and hare 
observed how heinous and hazardous a thing such 
contumely is amongst some sorts of men, whether 
that which is said in disgrace be true or false. 
For evil words by all men of understanding are 
taken for a defiance, and a challenge to open war. 
But that you should have observed so much, wbo 
are yet in your mother's belly, was not a thing to 
be much expected. 

The faults in manners you lay to my charge an 
these: I. Self-conceit. '2. That I will be ter$ 
fui^nj with all men that do nut presently stibmit 
to my dictates. 3. That J had my doctrine «)»• 
ccrnin^ Vision, out of papers which J had in «jf 
hands ttf Mr. Warner s. A. That I httce ii^jnrtd 
the Kuiversities. 5. That I am an enemy to re- 
ligion. These are great faults ; but sucii as I 
cannot yet confess. And therefore I must, as well 
as I can, seek out the grounds upon which yott 
build your accusation. Which grounds (seeing 
you are not acquainted with my conversation) must 
be either in my published writings, or reported to 
yon by honest men, and without suspicion of in- 
terest in reporting it. As for my self-conceit and 
ostentation, you shall find no such matter in my 
writings. That which you allege from thence is 
first, that in the epistle dedicatory I say of uiy 
book De Corporr, " though it be little, yet it i» 
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JttUi ami if good ma 7j go for great^greal enough,*^ lksson vi. 
When a man presenting a gift great or small to 
lis betters, adornetli it the best he can to make it 
the more acceptable ; he that thinks this to be 
ostentation and self-conceit, is little versed in the 
common actions of human life. And in the same 
epistle, where T say of ciril philosophy: " // /* no 
ancieitter than my hook De Cive ,*" these words are 
added : " / say it provoked, and that my detrac- 
tor-v may see they lose their labour" But that 
which is truly said, and upon provocation, is not 
bofistiug, but defence. A short sum of that hook 
of mine, now publicly in French, done by a gentle- 
man I never saw, carrieth the title of Ethics 
Demount rated. Tlie book itself translated into 
French, hath not only a great testimony from the 
translator Sorberius, but also from Gassendus, and 
Mcrsennus, who bciuo; both of the Roman religion 
had no cause to praise it, or the divines of England 
have no cau^e to find fault with it. Besides, you 
know that the doctrine therein contained is gene- 
rally received by all but those of the clergy, who 
think their interest concerned in being made sub- 
ordinate to the civil power ; whose testimonies 
therefore are invalid. Why therefore, if I com- 
mend it also against them that dispraise it publicly, 
do you call it boasting r *' Yon hare heard, ^' you 
say, " that I had promised the (/uadraturc of the 
circle, ^v." You heard then that which was not 
true. 1 have been asked sometimes, by such as 
saw the figure before me, what I was doing, and I 
was not afraid to say I was seeking for the solu- 
tion of that problem ; but not that 1 had dune tt. 
And afterwards being asked of tlie succ(^ss, I have 





said, I thought it done. This is not boastln 
^^ yet it was enough, when told again, to make a fool 

believe it was boasting. But you, the astronomer, 
in the epistle liefore your pbiLosophical essay, say 
*' You had a f^reaf ex/tectation of my philosophical 
and mnUwrnat'tciif work*, ftrfore they were puh- 
lixhed." It may be so. Is that my fault? Can a iubji 
raise a great expectation of himself by boasting : 
If he could, neither of you would be long before 
you niised it of yourselves; saving that what you 
have already published, has made it now too late. 
For I verily believe there was never seen worse 
reasoning than in that philosophical essay ; which 
any judicious reader would believe proceeded from 
a prevaricator, rather than from a man that be- 
lieved himself; nor worse j)rinciples, than those in 
your books of Geometry. The expectation nf that i 
which should be written by me, was raise<l partly j 
by the Cogi/ztta Physica-Mathematica of Mer- ! 
sennus, wherein I am often named with honour; 
and partly by others with whom I then conversed 
in Paris, without any ostentation. That no man 
has a great expectation of any thing that shall 
proceed from either of you two, I am content t^i 
let it be your prabe. ^H 

Another argument of my self-conceit, you lalt^^ 
from my contempt of tlie writers of metajdiysicrs 
and school-divinity. If that Imj a sign of self-con- 
ceit, I must confess I am guilty ; and if your 
geometry had then been published, I had con- i 
tcmned that as much. But yet I cannot see the 
consequence (unless you lend me your better logic) 
from despising insigniBcant and ab^surd languogei 
to self-conceit. 
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And a^nin, in your Vintliclfp Acadeniiarum, you i.f.sson 
put for boasting, that in my Leviathan, page 331, '^^^^^^ 
I wonkl have that book by entire sovereignty im- 
posed upon the Universities ; and in my RevieWj 
p. 713, that I say of my Leviathan, "I think it 
tnay be proptablij printed, and more profitably 
taught in the University.^' The cause of my wri- 
ting that book, was the consideration of what the 
ministers before, and in the beginning of, the civil 
war, by their jireachiug and writing did contiibute 
thereunto. Whicli I saw not only to tend to the 
abatement of the then civil power, but also to the 
gaining of as mnch thereof as they could (as did 
afterwards more plaiidy appear) unto themselves. 
1 saw also that those ministers, and many other 
gentlemen who were of their opinion, brought their 
doctrines against the civil power from their studies 
in the Universities. Seeing therefore that so much 
as could be contributed to the peace of our coun- 
try, and tlie settlement of sovereign power without 
any army, must proceed from teaching; I had 
reason to wish, that civil doctrine were truly 
taught in the Universities. And if I bad not 
thought that mine was such, I bad never written it. 
And having written it, if I had not recommended 
it to such as had the power to cause it to be taught, 
I had written it to no purpose. To me therefore 
that never did write attything in philosophy to 
show my wit, but, as I thought at least, to benefit 
some part or other of mankind, it was very neces- 
sary to commend my doctrine to sucb men as 
should have the power and right to regulate the 
Universitie-s. I say my doctrine ; I say not my 
Tciathan. For wiser men may so digest the same 
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Lt:ssoN VI. doctrine as to fit it better for a public teacliiiff. 

But as it is, 1 believe it hath framed the winds of 

a thousand geiitlKmen to a ronscienlious obedieuK 

to present goveruiuent, which otherwise would 

have wavered in that point. This therefore ms 

no vauntinsf, but a necessary part of the business I 

took in hand. You ought also to have considered, 

that this was said in the close of that part of my 

book which eoncerueth ijolicy merely civil. Which 

part, if you, the astronomer, that uow think tlie 

doctrine unworthy to be taught, were pleasfd onee 

to honour with praises printed before it, you are 

not very constant nor ingenuous. But whether 

you did so or not, 1 am not certain, though it nu 

told me for certain. If it were not you, it v.ts 

somebody else whose judgment has as much weight 

at least as yours. 

And for anything you have to say from your 
own knowledge, I remember not that I ever siw 
either of your faces. Yet you, the professor o( 
geometry, go about obliquely to make me beUeve 
that Viudex hath discoursed with me, once at least, 
though I remember it not. I suppose it therefore 
true; but this I am sure is false, that either he 
or any man living did ever hear me brag of my 
science, or praise myself, but when my defence 
required it. Perhaps some of our philosophers 
that were at Paris at the same time, and acquaiuted 
with the same learned men that I was acquainted 
with, might take for bragging the maintaiuing of 
my opinions, and the not yielding to the reasons 
alledgcd agaiust them. If that be ostentation, 
they tell you the truth. But you that are so wise 
should liave considered, that eren such men as 
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pliilosophy are carried away with the pas- lesson ti. 
ns of emulation and envy (the sole ground of 
8 your accusation) as well as other men, and 
itance<l lu yourselves. And this is sufficient to 
ike otF your aspersions of ostentation and self- 
nceic. For if I atided, tliat my acquaintance 
ow that I am naturally of modest rather than of 
astinsf speech, you will not believe it ; because 
u diiftinguish not between thut whicli is said 
on provfxmtion, and that which is said without 
ovocation, from vain glory. 

The next acousation is ; " Thai I will be tery 
gry with all nwn thai th not presvntUj suhmit 

My dictates ; and that for advancing the repu- 
tioH of my own skill, / care not what umvorthy 
fiectiom I cast on others" This is in the epistle 
Eicedl>efore tlic Vindicife Academiurnm, subscri- 
d by N S,as the plain song for HD in the rest 

the book to descant upon. I know well enough 
e authors' names ; and am sorry that N S has 
at his name to be abused to so ill a purpose, 
[It how does this appear r What ai^umentj 
h&t witness is there of it r You offer none ; 
jr am 1 conscious of any. I begin to suspect 
Qce you, the professor of geometry, have in 
mr objections to the twentieth chapter these 
orda concerning " J'indcjr, ocularis Hie testis de 
to hie oritur, erat, ni falhr. Hie (/«<•,"— that 
index himself, in other company, has bestowed a 
sit on me. Seeing you will have me believe it, 
t it be so ; and, as it is likely, not long after my 
itnni into England. At which time (for the 
iputation, it seems, I had gotten by my boasting) 
ivers persons that professed to love philosophy 

VOL. VII. Z 
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LESSON vr. and mathematics, came to sec me ; and some of 

otm^wri *hem to let me sec them, and hear and appUud 

what they applauded in themselves. I see novc 

it hath happened to me with Viudex, as it happened 

to Dr. Harvey with Moranus. Moninus, a Jesuit, 

came out of Flanders hither, es]iecially, as he satR, 

to see what learned men in divinity, ethics, physics. 

and geometrj', were here yet alive, to the end tha^ 

by discoursing; with them in these sciences, hf 

might correct either his own, or their errors. 

Among^st others lie was brousrht, he says, to that 

most civil and renowned old man Dr. Han'cy. 

Tliat is very well. And in good earnest if he bd 

made ]a;ood use of the time which was very patieutly 

afforded him, he mi^ht have learned of him (or of 

no man livinjc) very much knowledge ciinceniin^ 

the circnlation of the blood, the generation of living 

creatures, and many other difficult points <rf 

natural philosophy. And if he had had anything in 

him but common and childish learning, he could 

have showed it nowhere more to his advantage, 

than before him that was ro great a judge of sudi 

matters. But %vhat did he t That precious time 

(which was but little, because he was to depart 

again presently for Flanders) he bestowed wholly 

in venting his own childish opinions, not suffering 

the Doctor scarce to speak; losing thereby the 

benefit he came for, and discovering that he came 

not to hear what others could sav. but to show to 

nthers how learned he was himself already. Wlijr 

•akc so little time, and so mispcnd it ? 

netl he not again • But when he had 

lis time, and found (though patiently 

«rd) he was not much admired, Iw 
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took occasion, writ'uii^ against me, to be revenged lesson vi. 
of Dr. Harvey* by slighting: bis learning publicly ; 
and tells me tbat his learniug was only experiments; 
whicb he says I say have no more certainty than 
civil histories. Which is false. My words are : 
** ,'ln/f hog uihit certt hi phyxira erat pra-ter ex- 
jterimenta cuit/ue sua, et hhtorias naturales^ *i 
tamrn ct htr dicendtr certtp xhit, qua cicilihtift 
hifttoriix ceriiorct mm sunir Where I excejit ex- 
pressly from uncertainty the experiments that 
every man maketh to himself. But you see the 
near cut, by wliich vain glory joined w ith ignorance 
passeth quickly over to envy and contumely. 

Tlius it seems by your own confession I was 
used by Vindex. He comes with some of my 
acquaintance in a visit. What he said I know not, 
but if he discoursed then, as in his philosophical 
essay he writeth, I will be bold to say of myself, 
I was so far from morosity, or, to use his plirase, 
from being tetrical, as I may very w ell have a good 
opinion of my own patience. And if there passed 
between us the discourse you mention in your 
ElenchuK^ page 1 16, it was an incivility in him so 
great, that without great civility I could not have 
abstained from biiUUng him be gone. Tliat which 
passed between us you say was tliis.- " / rom- 
plmned that whereas / made setise, nothing but a 
perception iff motion in the ors^itii, never thclexit, 
the philoxophy schooh through (lU Kurnpe, ted tnj 
(be text of Aristotlej teach another doctrine^ 
namely, that semafion is performed by species.** 
This is a little mistaken. For I do glory, not 
complain, that wliereas all the T'niversities of 
Europe hold sensation to proceed from species, [ 
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IT.SSON VI. bold it to be a perception of motion in the orpn. 
urimuwcr^ ^^ imswer of Vindex, you say, was : " That the 
other hyjmthesis^ ivhercby sense was explicated fcj 
the prhtr't pies of motion^ teas commonly atiiiiitted 
here before my book came ouiy as having bff* 
st^ciently dclieereil by Des Cartes, GassrntUi. 
and Sir Kenelm Dii^hy, be/ore I hail puhlixhed 
nnythtH}^ in this hintl." TliLs then, it seems, was 
it thnt made me angry. Truly I remember not aa 
angry word that ever I uttered in all my life to 
any man that came to see me, though some of them 
havetruubted me with very impertinent discourse: 
and with those that argued with me, how imper- 
tinently soever, I always thought it more civility 
to be somewhat ejirnest in the defence of my 
opinion, than by obstinate and affecteil silence to 
let them see I contemned them, or hearkened not 
to what ihey said. If I were earnest in making 
good, that the manner of sensation by such motiou 
as I had expHcated in my Leviathan, is in none of 
the authors by him named, it was not anger, but 
a care of not offending him, with any sign of the 
contempt which his discourse deserved. Bat it 
was incivility in him to make use of a visit, which 
all men take for a profession of firiendship, to tell 
me that that which I had already published for 
my own, was found before by Des Cartes, Gassen- 
dus, and Sir Kenelm Digby. But let any man 
read Des Cartes ; he shall find, that he attributeth 
on at all to the object of sense, bnt an 
to action, which inclination no man can 
hat it meanelh. And for Gassendus 
iclni Digby, it is manifest by their wri- 
their opinions are not diflvrent from 
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tnat of Epicurus, which is very different from li:sson vi, 
mine. Or if these two, or any of those I con- 
versed with at Pftris, had prevented me in publish- 
ing my own doctrine, yet since it was there known, 
and declared for mine by Mersennus in the preface 
to Ids liaUistica (of whieli the tliree 6rst leaves 
are employed wholly in the setting forth of ray 
opinion concerning sense, and the rest of the 
faculties of the soul) they ought not therefore to 
be said to have found it out before me. And 
consequently this answer which you say was given 
me by Vindex was nothing else but mitruth and 
envy ; au<l, because it was done by way of visit, 
incivility. But you have not alleged, nor can 
all^e, any words of mine, from whifh can be 
drawn that I am so aiir^ry as you say I am with 
rhosc that submit not to my dictates. Though the 
discipline of the L'uiversity be never so good ; yet 
(S^rtaiuly tliis behaviour of yours and his arc no 
Bod arguments to make it thought so. But you 
the professor of geometry, that out of my words 
spoken against Vindex in my twentieth chapter, 
argiie my angry humour, do just as well, as when 
(in your Arithmetica Injinitornm) from the con- 
tinual incre^ise of the excess of the row of squares 
above the third part of the aggregate of the great- 
est, you conclude they shall at htst be equal to it. 
For though y(m knew that Vindex had ^ven me 
first the wor.'^t words that possibly can be given, 
yet you wotdd have that return of mine to be a 
demonstration of an angry humour; not then know- 
iug what I told you even now in the beginning of 
this lesson, of the sentence given by Vespasian. 
But to this point I shall speak again hereafter, 
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accusation 
doctrine of riston, which I pretended to he mif 
OWN, out of papers which I had a long time in 
my hands qf Mr. Warner's" I never liad sight of 
Mr. Warner's papers iu all my life, but that of 
Vision hy Refraction (which by his approbation I 
carried with me to Park, and caused it to be printed 
under his own name, at the end of Mersennns 
his Cogitata Physico-Mathematica, which you 
may have there seen, and another treatise of the 
proportions of alloy in gold and silver coin ; which 
is nothing to the present purjmse. In all my 
conversation with him, I never lienrd him s^ieak of 
anything he had written, or was writing, De peni- 
cillo optica. And it was from me that he first 
heard it mentioned that light and colour were but 
fancy. Which he embraced presently as a truth, 
and told rac it would remove n rub he was then 
come to iu the discovery of the place of the image. 
If after my going hence he made any nse of it 
(though he had it trnm me, and not I from him), it 
was well done. But wheresoever you find my 
principles, make use of them^, if you can, to de- 
monstrate all the symptoms of vision ; and I will 
do (or rather have done and mean to publish) the 
same ; and let it be judged by that, whether those 
principles be of mine, or other men's invention. 
I give you time enough, and this advantage besides, 
that much of my optics hath been privately read 
by others. For I never refused to lend my paj»ers 
to my friends, ils knowing it to be a thing of no 
prejudice to the advancement of philosophy, though 
it be, as 1 have found it since, some prejudice to 
the advancement of my own reputation in those 
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sciences; which reputation I have always post- lesson vi. 
posed to the common benefit of the studious. 

Yoii say further (you the geometrician) that I 
had the proposition of the spiral line equal to a 
parabolical line from Mr. Robervall: true. And if 
I had remembered it, I would have taken also his 
demonstration ; though if I liud published his, I 
would have suppressed mine. I was comparing in 
my thoughts those two lines, spiral and parabolical, 
by tlie motions wherewith they were described ; 
and considering those motions as unifonn, and the 
lines from the centre to the circumference, not to 
be little parallelograms, hut little sectors, I saw 
that to cnmjKMind the true motion of that point 
which described the spiral, 1 must have one 
line equal to half the perimeter, the other equal 
to half the diameter. Hut of all this I had not 
one word written. But being with Merseuuus 
and Mr. Robervall in the cloister of the convent, 
I drew a figure on the wall, and Mr. Robervall 
perceiving the deduction I made, told me that 
since the motions which make the parabolical line, 
are one uniform, the other accelerated, the itiotious 
that make the spiral must be so also ; wliich I 
presently ackuowledgcd; and he the next day, from 
this very method, brout^ht to Mersennus the de- 
monstration of their equality. And this is the 
story mentioned by Mersennus, piop. 25, corol. 2, 
of bis IhjdmuVtca ; which I know not who hath 
most magnanimously interpreted to you in my 
disgrace. 

'i'he fourth accusation is ; " Thnt I hur^ injured 
the iJttiversiiies." Wherein ? First, " In that i 
would Inwe the doctrine of my Letuaihan by en- 
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1^ lire sovereignty he imposed on them." Ycu ofte 
upbraid mc with tbinkiug well of aiy own doctrine- = 
and grant by ponseqnenctr, that I thought this doe^r^ 
trine good ; I desired not therefore tlmt anything 
should be imposed upon them, but what (at 1 
in my opinion) wad good both for the C^iiumo 
wealth and them. Nay more, I would have iImt:^; 
state makt; use of them to uphold the civil powes 
as the Pope did to uphold the ecclesiastical, la 
not absurdly done to cali this an injury r But :~ 
question^ you will say, whether the civil doctri^ 
there taught be such as it ought to be, or not, i^s^ a 
disgrace to the Universities. If that be certain, k 
is certain also that those sermons and books, whi^r^j^ 
have been preached and published, both agaiu^f 
the former and the present government, direcUy «r 
obliquely, were not made by such milliliters and 
others as had their breeding in the Universities; 
though all men know the contrary. But the doc- 
trine which I would have to be taught there, what 
is it ? It is this ; " T/tal all men that lice in n 
Commomrealth, tniif receive protection of' their 
//CM and fortunes from the supreme govermr 
ihere(f, are reciprocuUij boundj as fur as ihet/ are 
able, anil shall be required, to protect that 
governor." Is it, think you, an unreasonable thing 
to impose tlie teaching of such doctrine upou the 
Universities? Or will you say they taught it be- 
fore, when you know that so many men which 
came from the Universities to preach to the people, 
and so many others that were not ministers, did 
stir the people Up to resist the then supreme civil 
}>ower r And was it not truly therefore said, that 
the Universities receiving their discipline irom the 
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^arunority of the pope, were the ^hops aud ojwra- [ksson 
tories of the clergy : Though the coinpetitiou of 
the papiil and civil power be taken now away, yet 
the compeUtion between the ecelesiastical and the 
civil power hath manifestly enough appeared very 
lately. But neither is this an upbraiding of an 
University (which is a corporation or body arti- 
ficial), but of particular men, that desire to uphold 
the authority of a Church, as of a distiuct thing 
from tlie Cnmmonwealt}|. How would you have 
exclaimed, if, instead of recommending my Leina- 
thntt to be taught in the Universities, I had recom- 
mended the erecting of a new and lay -university, 
wherein lay-men should have the reading of 
physics, mathematics, moral philosophy, and poU- 
tics, as the clergy have now the sole teaching of 
divinity ? Yet the thing would be profitable, and 
jtend much to the polishing of man's nature, with- 
f9st much public charge. There will need but one 
house, and the endowment of a few professions. 
And to make some le^m the better, it would do 
ver)' well that none should come thither sent by 
their jtareuts, as to a trade to get their livhig by, 
but that it should be a place for such ingenuous 
men, as being free to dispose of their own time, love 
tnitli for itself. Tn the wean time divinity may 
go on in Oxford and Cambridge to furnish the 
pulpit mtli men to cry down the civil power, if 
they continue to do as they did. If I had, I say, 
made such a motion in my Levtafhan, though it 
would have offended the divines, yet it had been 
no injury. But it is an injury, you will say, to 
deny in general the utility of the ancient schools, 
and to denv that we have received from them our 
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i.peonietry. True, if I hail not spoken distiuctly 
the schools of pliilt»so[)hy, unci said ex]>regsly, that 
the geometricians passed not then under the name 
of philosophers ; and that in the school of Plato 
(the best of the uncieiit philosophers) none were 
received that were not already in some measu 
geometricians. Euclid taught geometry; but 
never heard of a eect of philosophers calli 
Euclidiaiis, or Alexandrians, or ranged with any 
of the other sects, as Peripatetics, Stoics, Acade- 
mics, Epicureans, Pyrrhoniaus, &c. But what ia 
tliis to the Universities of Christendom r Or why 
are we beholden for geometry to our universities, 
more than to Uresham College, or to private men 
in London, Paris, and other places, which never 
taught or learned it in a public school : For even 
those men that living in our Universities have most 
advanced the mathematics, attained their know- 
le<lge by other means thau that of public lecture 
where few auditors, and those of unequal pr 
ficiency, cannot make benefit by one and the s 
lesson. And the true use of public profcsso 
especially in the mnthematies, being to resolve the 
doubts, and problems, as far as they can, of such 
as come unto them with desire to be informed. ^M 

That tlie Universities now are not regulated b^^ 
the Pope, but by the civil power, is true, and well. 
But where say I the contrary? And thus much 
for the first injury. 

Another, you say, is this, that in my Leriat. 

"70, I say : '* T^ principal sr/tooU icere or- 

4Jor the three professions, of Homan religion^ 

« latr, and the art of metlicine." Thirdly, 

say : " Phiiosophif had m otherwise plaai 
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fiJi a hand-maid to iioman reltgton. 
Fourthly: *^ Since the mUlior it y of ArislotU' was 
reevireil there, that ntudy is not property philo- 
aophy, but Aristutelitij." Fifthly : " That for 

geometry, till of late times it had no place there 
at all" iVs for the second, it is too evident to be 

' denied ; the fellowships ha^-iiiie: been all ordained 
for those professions ; and (saving: the change of re- 
ligion) being so yet. Nor hath this aiiy reflection 
upuu the Universities, either as they now are, or 
iLs they then were, seeing it was not in their own 
power to endow themselves, or to receive other 
laws and discipUne than their founder and tlie 
state wa« pleased to ordain. For the third, it is 
also evident. For all men know that none but the 
Roman religion had any stipend or preferment iu 
any university, where that religion was establiabed r 
No, nor for a great while, iu their commonwealths ; 
but were everywhere persecuted as heretics. But 
yuu will say, the words of my Leciathaii arc not, 
philosophy " had no place" but '* hath no place." 
Are you not ashamed to lay to my charge a mis- 
take of the word hath for had? which was either a 

, mistake of the printer, or if it were so in the copy, 

I it could be no other than the mistake of a letter in 
the writing, utdess you think you can make men 
believe thnt after fifty years being acquainted 
with what was publicly professed and practised 
in Oxford and Cambridge, I knew not what 

I religion they were of. This taking of adviuitnge 
from the mistake of a word, or of a letter, 1 
find also iu the Elenchus, where for pr^tendtt 
se scire, there is pro'tendit xcire, which you the 
geometrician sutHeiently mumble, mistaking it I 
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LESSON V]. tUiuk for au anglicisin, uot for a fault uf the iin- 
pressiou. 

To the fourth, you pretcud, that men are no: 
now so tied to Aristotle as not to et{joy a liberhj 
of ph'ilosophisin*!^ thottfrh it were othericise whea 
I was co)wers(mt iu Magdalen Hall. AVas it so 
then r Then am I abstilveil, unless you can sliow 
some public act of the university made since that 
time to alter it. For it is uot enough to name 
some few particular ingenuous men that usurp that 
liberty in their private discourses, or, with couui- 
vauce, in their pnblic disputations. And your 
doctrine, that even here you avow, of ahutracted 
essences, imMaterlal snhstances, and of nunc utaHt; 
and your improper language in using the word 
^not as mine, for I have it nowhere) succexsnt 
eternity; as also your doctrine of coNf/e/isation,&n^ 
your arguhig from natural reason the inconipre- 
heiKsihle mysteries iif religion, and your malicious 
writing, lure very shrewd signs that yon yourselves 
are none of those which you say do /reefy phila- 
sopfiise; but that both your philosophy and your 
language are under the servitude, not of the Roman 
religion, but of the ambition of some other doctors, 
that seek, as the Roman clergy did, to draw all 
human learning to the upholding of their power 
ecclesiastical. Ilitlierto therefore there is uo in- 
jury done to the universities. For the fifth, you 
grant it, namely, " that tiU of late there teas no 
*»Uowa»cefor the teaehing of geometry " But lei't 

)u should be thought to grant me anything, you 
ty, you the astronomer, *' geometry hath now so 

trh place tit lite nnirerxities, that when Mr. 

ttbbt's shall hace published his philosophical 



ffeomefrical pfeceg, you assure yourself you shall lesson vi, 
be able to jiml a greater number in the universUij „~^^^^ 
who will understaml as much, or more, qf them 
than he desired they should" &c. But though 
this be true of the nouu yet it mnketh nothing 
against my then. I know well enough that Sir 
Henry Savile's lectures were founded and endowed 
since. Did I -deny then that there were in Oxford 
many good geometricians ? But I deny now, that 
either of you is of the number. For ray philoso- 
phical and geometrical pieces are published, and 
you have understood only so much In ihem, as all 
men will easily see by your abjections to them, and 
by your own published geometry, that neither of 
you understand anything either in plulosophy or 
in geometr)'. And vet you would have those books 
of yours to stand for an argument, and to be an 
index of the philosophy and geometry to be found 
in the universities. Wbieh is a greater Injury and 
disgrace to them, than any words of mine, though 
interpreted by yourselves. 

Yonr last and greatest accusation, or rather 
railing (for an accusation should contain, whether 
true or false, some particular fact, or certain words, 
out of which it might seem at least to be inferred), 
is, that I am an enemy to religion. Your words 
are : " // is said thai Mr. Hobbes is no othencise 
an enemy to the Homan religion, saving only as it 
hath the name of religion" This is said by Vitidex. 
You, the geometrician, in your epistle dcdicutory, 
say thus : *' With what pride and imperiousness he 
tramples on all things both hitman and divine^ 
ttftering Jear/'uf and horrible words of Cod^ 
(peace), oj' sin, of the holy Scripture, qf all iucor- 
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SIX LBSSONS, ETC. 

LESSON VI, poreal ftuhstnncen in f^cneraly of the imnmrtai goal 
of man, iind of ihe re»i of ike weighty points of 
religion {down), ii is not so much to be doubtud 
as lameutcd." And at the end of your objeclioas 
to the eighteenth chapter, ^^ Perhaps you faJee the 
whole history of tfte Jail of Adam for a fahie, 
tchich is no wonder, when you say the rutet t^ 
honouring and uHtrshipping of God are to be 
taken from tiie laws" Down, I say ; you bark 
now at the supreme legislative povrer. Therefore 
it is not I, hut the laws which must rate you off. 
Uut do not many other men, as well as you, read 
my Leviathan, and my other books? And yet 
they all find not ?-mc\\ enmity in them against re- 
iii^iou. Take heed of calling them all atheists thai 
have read aud approved my Lerialhan, Do yoo 
think I can be an atheist and not know it * Or 
knowing it, durst have offered my atheism to the 
press r Or do you think him an atheist, or a con- 
temner of the Holy Scripture, that sayeth notbiDg; 
of tlie Deity but what he proveth by the Scripture? 
You tliat take so heinously that I would have the 
rules of God's worship in a Christian common- 
wealth taken from the laws, tell me, from whom 
you would have them taken ? Prom yourselves : 
Wn»y so, more than from me ? From ^e bishops'' 
Uifclit, if the supreme power of the commonwealth 
will have it so; if not, why from them rather than 
from me? From a consistory of presbyters by 
themselves, or joined with lay-elders, whom they 
may sway as they please r Good, if the supreme 
emor of the commonwealth will have it so; 
>tt why from them, rather than from me, or 
any man else? Tliey are wiser and leom- 
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cdcr than 1. It may be so ; but it has not yet lksson vu 
appeared. Howsoever, let that be granted. Is 
there auy man so very a fool as to subject himself 
to the rules of other men in those things which so 
nearly concern himself, for the title they assume 
of Ijeing wise and learned, unless they also have 
the sword which must protect them. But it seems 
yon understand the sword as comprehended. If 
so, do you not then receive the rules of God's wor- 
ship from the civil power r Yes, doubtless ; and 
you would eKj>ect,, if your consistory had that 
sword, that no man should dare to exercise or 
teach any rules concerning God's worship which 
were not by you allowed. See therefore how much 
you have been transported by your malice towards 
me, to injure the civil power by which you live, 
If you were not despised, you would in some places 
and times, where and when the laws are more 
severely executed, be shipped away for this your 
madness to America, I would say, to Antii^ra. 
What luek have I, wlien this, of the laws being 
the rules of God's public worship, was by me said 
and applied to the vindication of the Clmrch of 
England from the power of the Roman clcrg)', it 
shnidd be followed with such a storm from the 
ministers, presbyterian and episcopal, of the Church 
of England? Again, for those other points, namely, 
that I approve not of incorjmreal bodies, nor of 
other immortality of the soul, than that which the 
Scripture calleth eterual life, I do but as the Scrip- 
ture leads me. To the texts whereof by me alleged, 
you should either have answered, or else forborne to 
revile me for the conclusions I derived from them, 
.y, what an absurd question is it to ask me 
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I.E8S0NVI. whether it be in the power of the magistrate, 
"7"" ■ whether the world be etenial or not ? It were fil 
you knew it is in the power of the supreme magis- 
trate to make a law for the punishment of them 
that shall pronounce publicly of that question any- 
thing contrary to that which the law hath once 
pronounced. The truth is, yoti are content that 
the papal power be cut off, and declaimed against 
as much as any man will ; but the ecclesiastical 
power, which of late was aimed at by the dei^' 
here, being n part thereof, every violence done to 
the papal pKiwer is sensittle to them yet ; like that 
which I have beard say of a mmi, %\hose le^ Iwiug 
cut off for the prevention of a gangrene that begun 
in his toe, would nevertheless complain of a poin 
in his toe, when his \e^ was cut 06". 

Thus much in my defence ; which I believe if 
you had foreseen, this accusation of yonrs had been 
h'ft out. I come now to examine (though it be 
done in part already) what manners those are 
which I find everywhere in your writings. 

And firftt, how came it into your minds that 
man can be an atheist, I mean an atheist in bts 
conscience? I know tliat l>avid confesseih of him- 
self, upon sight of the prosperity of the wicked, 
that his feet had almost slipped, that is, that be 
had slipped into a short doubtfulness of the Uivine 
Providinee. And If anything else can cause a 
man to slip in the same kind, it is the seeing such 
as you (who ibough you write nothing but what 
tfl to each of you by a doctor of divinity) 
be greatest of God'd commandments, 
iarity» in every tine before his face. 
such forgettings of God be someRhat 



H 




or nnniKTs, 



^ore thou short doubtings, aiul sudden transporta- lksson vi, 
tious iocideut to human passion, yet I do not for 
that cause tliiiik you atheists and encmitw of re- 
li^on, but only iguurunt aud imprudent Christians. 
But how, I say, coxild you think me an atheist, unless 
it were because finding your doubts of the Deity 
more frequeut than other men do, you are thereby 
the apter to fall upon that kind of reproach ? 
Wherein you are like women of poor and evil 
education when they scold; araong:st whom the 
readiest disgraceftil word is whore : why not thief, 
or any other ill name, but because, when they re- 
mem1>er themselves, they think that reproach the 
likeliest to be true ? 

Secondly, tell me what crime it was which the 
Latins called by the name of ace/tut ? Y<m tliink 
not, unless you be Stoics, that all crimes are equal. 
Sce/us was never used but for a crime of greatest 
mischief, as the taking away of life and honour; 
fiud besides, Irasely acted, a» by some chxudestiue 
■way, or by such a way as might be covered with a 
lie. But when you insinuate in a writing published 
that I am an atheist, you make yourselves authors 
to tl»c multitude, and do all you can to stir them 
up to attempt upon my hfe ; mid if it succeei), 
then to sneak out of it by le-aving the fault 
on them that are but actors. This is to en- 
deavour great mischief basely, and therefore scelu^. 
Again, to deprive a man of the honour he hath 
merited, is no little wickedness ; aud this you en- 
deavour to do by publishing falsely that I challenge 
as my own the inventions of other men. This is 
therefore sceiits publicly to tell all the world that 
I will be angf)' with all men that do not presently 
submit to my dictates ; to deprive me of tlie friend- 
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LESSON VI. sb'p of all tiie world; great damage, and a B<v 
aiid yours. For to publish any untruth of another 
mail to his disp^race, on hearsay from his enemy, 
Is the same fault as if he published it on bis own 
credit. If I should say I have heard that Dr. 
Wallis was esteemed at Oxford for a simple fellow, 
aud much inferior to his fellow -professor Dr. Ward 
(as indeed I have heard, but do not believe it)t 
though this be no great disgrace to Dr. Wallis, 
yet he would think I did him injury. Therefore 
public accusation upon hearsay is scelus. And 
whosoever does any of these things does sceleraie. 
But you the professors of the mathematics at 
Oxford, by the advice of two doctors of divinirr 
have dealt thus with me. Therefore you hare 
done, I say not foolishly, though no wickedness k 
without folly, but scelerate, wtpefieiSfl^i. 

Thirdly, it is ill manners, in reprehending tmtbi 
to send a man in a boasting way to your own 
errors; as you the professor of geometry haw 
often sent me to your two tractates of the An^ 
of Contact and Arithmetica Injinitorum. 

Fourthly, it is ill manners, to diminish the just 
reputation of worthy men after they be dead, as 
you the professor of geometry have done in the 
case of Joseph Scaliger. 

FVthly, when I had in my Leriathan suiFered 

the clergy of tlie Church of England to escape, 

you did imprudently in bringing any of them in 

"•^ua. An Ulj-sses upon so light an occasion would 

<ive ventured to return again into the cave of 

uemus. 

ly, how ill does such leWty and scurrility, 
both of you Imve shon-n so often in your 
i;a, become the gravity and sanctity re<iui^te 
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the c^Uof; of tho minUtry r They are too lesson vi. 

any to be repeated. Do bwt consider, you the 

ometriciaD, how unhaudsome it is to piny npon 

y Dame, when both yours and mine are plebeiaa 

Bines ; though from Willis by WalUs, you go from 

Durs in Wallisius. The jest of using at every 

ord mi llohbi, is lost to them beyond sea. But 

is is not 80 ill a3 some of the rest. I will write 

t one of them, as it is in the fourth pajc^e of your 

Xl^Hchns: " Whence it appears that your Empusa 

}as of the numher of those fairies which you caU 

I Kngfish hob-gohlins. The word is made of 

L ami iTKc ; "'«/ thence rornes the children s play 

lied the ptay of Empusay Anglice (hitherto ia 

tin all but hob-goblins, then follows in English) 

X, ./bx, cotne out of your bole (then in Latin 

in), in which the boy that is called the fox, 

ds up one foot, and Jumps with the other, which 

English f* to hop." When a stranger shall 

d this, and hoping to find therein some witty 

oneeit, shall witli much ado liave gotten it in- 

erpreted and explained to him, what will he think 

f our doctors of divinity at Oxford, that will take 

p much pains as to go out of the language thoy 

et forth in, for so ridiculous a purpose ? You 

rill say it is a pretty paranomasia. How you call 

; there I know ijot, but it is commonly called here 

clinch ; and such a one as is too insipid for a boy 

f twelve years old, and very unfit for the sanctity 

f a minister, and gravity of a doctor of divinity. 

t T pray you tell me where it was you read the 

ord empHsa for the boy's play you speak of, 

for any other play amongst the Greeks r In 

is (as you have done throughout all your other 

itings) you presume too much upon your first 

A A ? 
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LESSON vt. cogitations. Tliere be a hundred otlier scoffing 
passages, and ill-favoared attributes given me in 
both your vrritiniw, which the reader will observe 
without my pointing to them, as easily as you 
would hare him ; and which perhaps some youi^ 
students, finding them full of gall, will mistake for 
salt. Therefore to disabuse those young men. and 
to the end they may not admire sunli kind of nit, 
I have here and there been a Httle sharper witb 
you than else I would have been. If you think I 
did not sjmre you, but that I luid not wit euoagb 
to give you as scornful names as you give me, are 
you content I should try ? Yes (you the geome- 
trician will say) give me what names you please, so 
you call me not Arilhmetica htfinitornm. I will 
not. Nor Angle of Contact ; nor Arch Spirai; 
nor Quotient. 1 will not. But I here dismiss yoo 
both together. So go your ways, you U/tdrU 
Ecclesiastics, iHhuman Divines^ Deilocforn ofmO' 
rality, Una-^inous ColUagnes, Kgrcgioux pair ^ 
IssacitarSy most wretched yindices and Indieii 
Academiarum ; and remember Vespasian's Uvi 
that it is micivil to give ill language first, but cifil 
and lawful to return it. But much more remember 
the law of God, to obey your sovereigns in ill 
things ; and not only not to derogate from them, 
but also to pray for them, and as far as you cau to 
maintain their authority, and therein your ovm 
protection. And, do you hear? take heed of 
iking your mind so clearly m answering my 
kaHj as I have done in writing it. Yott 
do best not to meddle with it at all, because 
idertaken, and in part published already, 
be better performed, from term to teria. 
Christopher Pike. 
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My most noblk Lord, 
I DID not intend to trouble your Lordsliip twice 
with this contention between luc and Dr.AVallis. 
But your L«rd.sliij> sees how I am constrained to 
which, whatsoever reply the Doctor makes, 
I shall be constrdned to no more. That which I 
have now said of his Geometry, Manners, Divinity, 
:and Grnmmax, oltogether is not much, though 
enough. As for that which 1 here have wTitten 
concerning his Geometry, which you will look for 
first, is so clear, that not only your Lordship, and 
ch as have proceeded far in that science, but 
also any man else that doth but know how to add 
land sabtract proportions, (which is taught at the 
weuty-third proposition of the sixth of Euclid), 
may see the Doctor is in the wrong. That which 
I say of his ill language and politics is yet shorter, 
he rest, which conccmeth grumuiar, is almost all 
other man's, but so full of learning of that kiud, 
as no man that takcth delight in kno\ving tlie pro- 
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prieties of the Greek and Latin tongnes, will think 
his time ill bestowed in the reading it, I give the 
Doctor no more ill words, but am returned from 
his manuers to my own. Your Lordship may 
perhaps say, my compliment in my tille-page is 
somewhat coarse ; and it is tnie. But, my Lord, 
it is since the writing of the title-page, that I am 
returned from the Doctor's manners to my own; 
which are such as I hope you will not be ashamed 
to own me, my Lord, for one of 

Your Lordship's most humble 

and obedient servants, 



ThomA-S Hobbes. 




'Sir, 

'^iicN unprovoked yon addressed unto me, in M>ri>ar 

your Etenchiis, your harsh complimeDt with great o^IiJli^ 

Becurity, wantonly to show your wit, I confess you 

innde me nngry, and willing to put you into a 

"better way of cousidering your own forces, and to 

more you a little as you had moved me, which 

I perceive my lessons to you have in some measure 

done ; but here you shall see how easily I can bear 

your reproaches, now they proceed from anger, 

aiid how calmly I can argue with you about your 

geometry and other i)arts of learning. 

1 shall in the first part confer with you 
about your Ariikmet'tca Ir(fini(oruia, and after- 
'wards compare our manner of elocution; then 
your politics ; and Inst of all your grammar and 
critics. Your spiral line is condemned by liim 
, whose authority you use to prove me a plagiary, 
(that is, a man that stealetli other men's inven- 
tions, and arrogates them to himself), whether it 
be Roberval or not that writ that}>aper, 1 am not 
certain. But I think I shall be shortly ; hut who- 
soever it be, his authority will serve uo less to 








Mui» «r i>r, show that your doctrine of the spiral line, fromt 
G ^omriry. ftc fifth to tDc cighteciith pFopositioii of your Arithm- 
iica Iiifinitorvm, is all false ; and lliat the prlueipal 
fault therein (if all faults be nut prineipal in 
tnetry, when they proceed from ignorance of tb 
science) Is the same that I objected to you in my 
Lessons. And for the author of that paper, when I 
am certain who it is, it will be then time enougb to 
vindicate myself concerning that name of plagiary. 
And whereas he challcn^s the invention of yoar 
method delivered in yowc Ant/tme/ica Injinitorum, 
to have been his before it was yours, I shall, 1 
think, by and by say that which shall make him 
ashamed to own it ; and those that writ those 
encomiastic epistles to you ashamed of the honour 
they meant to you. T pass therefore to the nine- 
teenth proposition, wl^ch in Latin is this : your 
geometry 1 

" *S"/' jtrojiomUur series quant'tiaium in dupiicata 
ratione arithmetice proportional'mm (she juxta 
seriem numerorum quadraticonim) amihme cres- 
ccniium^ a puncfo vel inchoatarum, (pHta at 
0. 1.4. 0. 16. etc.),]»-opositum sit, impiirere quam 
\ habeat ilia rationem ad seriem totidem maxima 

O'quulium. 

" Fiat intestigatio per modum indHctionis 
{in prop. 1) 
Eritque, 

l*-l=.«* 3 * « 

0_ » 1*4- t _l^ 

4.4 + 4ol2~' S ' 12 

■.W4 + 9-U I ^ 1 
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qnT7«--Si-T .a ^^ "■'^ deifieeps. 

proveniens est tthique major 




iuhtripta srm Xt ejtcrxnu auiem prrpHmo t§t~ 

cretcit proui nmmenu termumamm amgetmr (puta 
*! a fi A ^f^-) omefo nimirwrn JraetiomiM Hrmomi- 
natore 4ite comMeqttenie ratiouU im singmlU loci* 
Mmtmero aenario (ut patet) ut tit raiiomit prov^~ 
vtieniia exceana aupra tuhtriplamy ea qmam habet 
mmiiaa ad aextmplum mmmeri termimontm poat ; 
adeoquer 

That is. If there be propouDde<l a row of quanti- 
ties in duplicate proportion of the qoantities arith- 
metically proportional (or proceeding in the order 
of the square nnmbers) continually increasing; 
and beginning at a point or ; let it be propounded 
Xo find what proportion the row bath ; to as many 
<)nantities equal to the greatest ; 

Let it be sought by induction (as in the 6rst 
proposition). 

The proportion arising is everywhere greater 
than subtriple, or ^, and the excess perp<>tua)ly 
deoreaseth as the number of terms is augmeuted, 
as here, ^ y, |X i? m » ^^* ^^ denominator of the 
fraction being in every place augmented by the 
nomber eix, as is manifest : so that the excess of 
the rising proportion above subtriple is the same 
which unity hath to six times the number of terms 
after ; and so. 

Sir, in these your characters I understand by 
the cross + that the (pmntities on each side of it 
lire to be added together and make (fue aggregate; 
and I understand by the two parallel lines ^ that 
the quantities 1>etweeu which they are placed are 
one to another equal ; this is your meaniug, or you 
should have told us what you meant else ; 1 under- 
stand also, that hi the first row 4 I is equal to 1, 



equal to 



the second 



Wiilli.'n oLsunl 

liMUMrj. Ao row 0+1+4 is equal to 5 ; and 4+4+4 e<)uaIto 12; 

bnt (which you are too apt to grant) I imdcrstand 
your symbols no further ; but must confer wiUi 

yourself about the rest. 

And first I ask you (because (rartions are com-' 

tnonly written in tliat manner) whether iu the 
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uppermost row (which is — 
be a fraction, t 



I = I 



1=2 a«/i "*"» 
fraction^ x b^ a fraction, -j- be a fraction, that is 
to say, a part of au unit, and if you will, for the 
cypher's sake, whether t"! he an infinitely little I 
part of 1 ; ajid whether -V. oi* 1 divided by 1 
signify an unity r if that be your me^uing, theo 
the fraction i' added to the fraction t- is equal t^i 
the fractiou ^ : But the fraction x is equal to O^H 
therefore the fraction x + T~ is equal to the fraction 
x ; and -j- equal to x which you will confess to 
be an absurd conclusion, and cannot own that , 
meaning. 

I ask you therefore again, if by x you mean the 
proportion of to I ; and consequently by x the | 
proportion of 1 to I, and by x the proportion of 
1 to 2 : if so, then it will follow, that if the pro- 
portions of O to I and of I to I be compounded 
by addition, the proportion arising will be the pro- 
[portion of 1 to 2. But the proiwrtinn of to 
infinitely little, that is. none. Therefore the propo-' 
sttion arising by composition will be that of 1 
(because of the symbol =) to the 

and so 1=2. This also is so 
that you will not own it. 
me-aniug yet : perhaps 
quantity 0+1 is equal 




U) the uppermost qoantitf 1 ; and the loirennost v*^ f a. 

quantity 1 + 1 eqoal to tbe lovmnosl qomntitf 3 : c««mit. *<. 

which is tme. But how then in tlus equation 

i-=-j-+ T ? Is tht" uppermoBt qoimtity I eqiial (o 
the uppennae^ qoantitr l-i-l; or the lowfrmost 
quantity 2 equal to the loverxnost quantity 3 + 6 ? 
Therefore neither can this be your meaning. Un- 
less yoa make your symboU more si^ificant, y«u 
must not blame me for want of onderstaudiug 
them. 

Let us now try what better success we shall 
liave where the places are three, as here : 

4+4-r»=IX~IX ~ 1 *»• 

If your symbols be fractions, the compound of 
them by addition is 7-, for (>t and -j- make x; and 
consequently (because of the symbol =) > equal 
to -Tjy whirh is not to be allowed, and therefore 
that was not your meaning. If you meant that 
the pro]Hirtioas of to 4 and of 1 to 4 and of 4 to 
4 eouipuuuded, b equal to the proportion of 6 to 
12» you will fall again into no less an inconvenience. 
For the proportion arising out of that compusllioa 
will be the proportion of 1 to 4. For the propor- 
tion of to 4 is infinitely little. Then to com- 
pound tbe other two, set them in this order 1.4.4. 
and you have a proportion compounded of 1 to 
1 and of 4 to 4, namely, the proportion of the 
first to the lost, which is of 1 to 4, which mu^t be 
equal, by this your meaning, to the proportion of 
& to 12, and consequently as 5 to 12, so is 1 to 4, 
whicli you must not own. Lastly, if you mean 
that the uppermost quantities to tbe uppermost, 
and the lowermust to the lowermost in the first 
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wvS."[i equation are equal, it is granted^ bat then again in 
owmctry. it tUc sccoud cquatioji it is false. It concerns your 
fame iu the mathf^matics to look about how to 
justify these equations which are the premises to 
your eouelusiou following, namely, that tiie pro- 
portion arising is every where j^renter than sub- 
triple, or a third ; and that the excess (that is, the 
excess above subtriple) perpetually decreaseth as 
the number of terms is augmented, as here 
V ft iM s! i, &c. which I will show you plainly is 
false. ^M 

But first I wonder why you were so angry with 
me for saying yoii made proportion to consist in 
the quotient, as to tell me it was abominably false, 
and to justify it, cite your own words penes tjuo- 
tientem ; do not you say here, the proportion is 
everywhere greater than subtriple, or i-? And is 
not -f the quotient of I divided by 3? You can- 
not say in this place that penes is understood ; 
for if it were expressed you would not be able to 
proceed. ^H 

But I return to your conclusion, that the exce!^' 
of the proportion of the increasing quantities above_ 
the third part of so many times the greatest, de 

creaseth, as^il li ^To' ^*'' ^""^ ^V ^^'-^ account 
in this row ^= \ where the quantity above e: 



l + l 2 



-J 



ceeds the third part of the quantities below by 
you make ^ equal to -^-, which you do not m 
It may be said your meaning is, that the pro- 
portion of I to the subtriple of 2 which is -r, ex- 
ceedcth wlml ? I cannot imagine what, nor proceed 

further where the terms be but two. Let us there- 
on I ^4- & 



•re take the second row, that is 



14 + 4 + 4-12- 



Th( 



i 



sum above is 5, the sum below is 12, the third part M«i«<.fiir. 
whereof is 4 ; if you mean, that the proportion of u<«u«tr7< *«■ 
5 to 4 exceeds the proportion of 4 to 12 (which is 
subtriple) by -jj, you are out again. For 5 exceeds 

4 by unity, which is S. I do not think you will 
owu such an equation as ""-h^. Therefore I be- 
lieve you mean (and your next proposition assures 
&ie of it), that the proportion of 5 to 4 exceeds 
BUbtriple proportion by the proportion of 1 to 12 ; 
if you do so, you are yet deceived. 

For if tlie proportion of 5 to 4 exceeds subtriple 
proportion by the proportion of 1 to 12, then sub- 
triple proportion, that is, of 4 to 12 added to the 
proportion of 1 to 12 must make the proportion of 

5 to 4. But if you look on these quautlties, 4, 
12. 144, yon will see, and must not dissemble, that 
the proportion uf 4 to 12 i.s subtriple, aud the pro- 
portion of 12 to 144 is the same with that of I to 
12. Therefore by your assertion it must be as 
3 to 4 so 4 to 144, which you must not own. 

Aud yet this is manifestly your meaning, as ap- 
peareth in these words : " Ut xit rathnis prove- 
nieufix excessus supra stthtriplam ea fjitam hahet 
luiifas ail sextupium numeri terminorum po^t 0, 
adeoque^^ which cannot be rendered in English, 
nor need to be. For you express yourself in the 
twentieth proposition very clearly ; i noted it only 
that you may be more merciful hereafter to the 
stumblings of a liasty pen. For excessus ea 
(juam does not well, nor is to be well excused by 
9Hbau<litur ratio. Your twentieth proposition is 
this : 

"5( proponntur aeries quantitatimi m dupHra/a 
ratioHe arilhiNttice pr&portionalium (xire Juxfa 
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vtuio of m. seriem numerorum quadraticorum) continue cres- 
ooitpwr. *»-. centiumy u puncto tel tnchoatarum, rat to quam. 
hahet ilia ad seriem totidem maxivtee wquaiium' 
Jtuhlriplam mipcrabil ; eriique excesxiu ea ratio 
quatH hahet unitas ad sextuplum numcri tcrmino' 
rum post 0, sive qumu liabet radix quadratica 
termini primi post ad sexiuplum radicis quad' 
ratica: termini maxtmi." 

That is, if there be propoanded a row of quan- 
tities in duplicate proportion of arithmetically- 
proiKirtiouals (or according to the row of square 
numbers) continually increasing, and bc^iinmg 
with a point or 0. The proportion of that row to 
a row of so inauy equals to the greatest, shall be 
greater than subtriple proportion, and the excess 
shall be that proportion which unity hath to the 
sextuple of the number of terms after 0, or the 
same which the square root of the 6rst number 
after 0, hath to the sextuple of the square root ofj 
the greatest. 

For proof whereof you have no more here than 
patet ex preeecdcntibujt ; and no more before but 
adcoque. You do not well to pass over such curious 
propositions so slightly ; none of the ancients did 
so, nor, that I remember, any man before yourself. 
Tlie pro|>usiti()ii i.s false, as you shall presently see. 
Take, for example, any one of your rows : as 
4^j^!, . Ry this proportion of yours 1+4, which 
makes 5, is to 12 iu more than subtriple proportiou; 
by the proportion of I to the sextuple of 2 which 
is 12. Put in order these three quantities 5, 4, 12, 
and you must see the proportiou of 5 to 13 b 
greater than the proportion of 4 to 12, that is, 
subtriple proportioUj by the proportion of 5 to 4. 



ABSURD GEOMETRY. ETC. 



369 



■tWiinl 



But by your aocoutit the proportion of 5 to 4 is J{."J)'^^*_^JJ[; 
greater than that of 4 to 12 by the proportion of u ^jimut. ke . 
] to 12. Therefore, as 5 to 4 so is 1 to 12, which 
is a very strange paradox. 

After this you bring in this cousectary : *' Cum 
ttttiem crescente niimero terminorum excesnux iUe 
Mupra ratiotiem suhtriplnm conthnic minuaiur, ut 
tandem quoris assignubili minor cvudat [til patet) 
si f« infinitum producatur^ prorsus evftniturus est. 
Adeoque" 

That 15, seeing as the number of terms increnseth, 
that excess above subtriple proportion contirmally 
decreasetii.RO as at length it becomes less than any 
JMBgnable (a.s is manifest) if it be produced infi- 
^tety, it shall utterly vanish, and so. And so 
what ? 

Sir, tliia consequence of yours is false. For two 
qnantities being given, and the excess of the greater 
above tlic less, that excess may continually be de- 
creased, and yet never quite vanish. Suppose any 
two unequal quantities differing by more than an 
unit, as 3 and 6, the excess 3, let 3 be diminii^hed, 
first by an unit, and the excess will be 'i, and the 
quantities will be 3 and ."» ; 5 is greater tlian 4, 
the excess 1. Again, let I be diraini&hed and made 
|-7, the excess ^and the quantities 3 and 4-7, •^\ 
, is yet greater than 4. Again diminish the excess 
ito-^, tlie quantities will be 3 and 4^, yet still 
4^ IS greater than 4. In the same manner yriu 
may proceed to i « i», &c. infinitely ; and yet you 
nball never come within nn unit (though your unit 
'stand for 100 miles) of the lesser quantity pro- 
pounded 3, if that 3 stands for 300 miles. The 
, excesses above subtriple proportion do not decrease 

VOL. VII. B B 




w.A.<.fnr, in thfi manner voii sav it does, hat in the manner 

ocMMtrj. lEc which I now shall show you. 

In the first row ,*^ a third of the quantities' 
below is ' , set iu order tl»ese three quantities 
1 -J- -J, The first is 1, equal to the sum above, the 
last is4» equal to the subtriple of the sum below. 
The middlemost is * subtriple to the last quoDtitj 
-—. Tlie excess of the projKirtiou of 1 to^^abow 
the subtriple proportion of 4 to -'- is the propor- 
tion of 1 to I, that is of 9 to 2, that is, of 18 to i) 
Secondly, iu the second row, which is "^i^J.a 

third of the sum below is 4, the sum above is J. 
Set in order these quantities, I, 5, 4, 12. There 
the proportion of 15 to I'i is the proportion of 
5 to 1. The proportion of 4 to I"i is subtriple i^ 
the excess is the proportion of 15 to 4, which i^ 
less than the proportion of 18 to 4, as it ought to 
be ; but not less by the proportion of -y to ^'j 
you would have it. 



Thirdly, in the third row, which is tt; gTgT^* 



1 



third of the sum below is 12, the sum above is 14. 

Set in order these quantities, 42, 4, 12. There thv 

proportion of 42 to 12 is the same with that of 

14 to 4. And the proportion of 4 to 12 subtriple, 

less than the former excess of 15 to 4. And so it 

goes on decreasing all the way in this manner, 

IR to 4, 15 to 4, 14 to 4, &c. which differs very 

much (rota your 1 to 6, 1 to 12, I to IH, &c. 

lud the cause of your mistake is this : you csH 

le twelfth part of twelve ^ , and the eighteenth 

urt of thirty-six you call jr, and so of tlie rest. 

at what need of all those equations in symbob, 

J show that tlie proportion decreases ; is there 



A 



any mtui can doubt, Imt that llie proportion of ><"'*,'>' 5*' . 
I to 2 is greater than that of f» to 12, or that a o-m^Tj, jtc . 
of 5 to 12 greater than that of 14 to 36, and 
so on continually fonvards ; or could you have 
fallen into this error, unless you bad taken, as you 
have done in very many places of your KlenchHs^ 
the fractions -f and^, &c. which are the quotients 
of I divided by 6 and 12, for the very proportions 
of I to 6 and 1 to 12. But notwithstanding the 
excess of the proportions of the increasing; quanti- 
ties, to subtriple proportion decrease, still, as the 
number of terms increasetli, and that what propor- 
tions soever I shall assign, the dcrrement will in 
time (in time, I say, without proceeding in it^fini- 
fum) produce a less, yet it does not follow that the 
row of increasing quantities shall ever be equal to 
the third part of the row of so many equals to the 
last or greatest. For it is not, I hope, a paradox 
to you, that in two rows of quantities the propor- 
tion of the excesses may decrease, and yet the 
excesses themselves increase, and do perpetually. 
For in the second and thinl rows, which are 

■iT* + 4^r2 and !>»97yT9^jtf » exceeds the third part 
of 12 by a quarter of the square of 4, and 14 ex- 
ceeds the third part of 36 by 2 quarters of the 
square of 4, and proceeding on, the .sum of the 
increasing quantities where the terms are b (which 
sum is 30] cxcecdeth the third part of those below, 
(those below are BO, and their third part 2Gf ) by 
3 quarters and J a quarter of the scjuare of 4, and 
when the terms are G, tlie quantities above will 
exceed tlie third part of them below by 5 quarters 
of the square of 4. Would you have men believe, 

BBS 
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M«iai>/Dr that tfac furthcr they eo, the excess of the m- 
GMCKiTT. &c creasnig^ qaantuies above the third part of those 
below shall be so much the less ? And yet the 
proportions of those above, to the thirds of those 
below, shall decrease eternally; and therefore your 
tweuty-fintt proposition is false, namely this : ^M 

'* Si propanatttr series injinittt r/unfUiiatum H^^ 
duplicata ratioue arithmetice proportionalivm 
{nee jujcta seriem nnmerornm fptadraticorum\ 
continue crescentium a puncto sive tnchoata- 
rum ; erit ilia ad sertem tottdem maxitiuc aqut^^ 
Hum, ut I ad 3/' ^^ 

That is, if an infinite row of quantities be pro- 
pounded in duplicate proportion of arithmetically- 
proportionals (or according to the row of quadratic 
numbers), continually increasing and beginning 
from a point or ; that row shall be to the row of 
as many equals to the greatest, as 1 to 3. This is 
false, ttt paiet ex prarcedeutibujt ; and, conse- 
quently, all that you say in proof of the propor- 
tion of your parahola to a parallehg^ram, or of 
the spiral (the true spiral) to a circle is in vain. 

But your spiral puts me in mind of what you 
have under-written to the diagram of your propo- 
sition ii. The spiral, in both Jigures, was to be 
continued whole to the middle, but, by the care- 
lessness qf' the graver ^ it is in one ^gure m&nctiy $9 
the other intercisa. 

Truly, Sir, you will hardly make your reader 
believe that a graver could commit those &ults 
without the help of your own copy, nor that it 
had been in your copy, if you had known how to 
describe a spiral line then as now. This I had not 
said, though truth, but that you are pleased to say. 



thoufrb not truth, that 1 attributed to the printer M"'""fi»'- 
some lamts of nune. oenm^irr.AtT. 

1 come now to the thirty-ninth proposition, 
-which is this : 

*' Si proponntur series qnantitatum in iriplicata 
raiione arithiuetice projwrtionaiirim {xive juxta 
jieriem numerormn eubicorum), cotitinur creiscen- 
iittm a puncto sire inchoatarum iputa «/ 0, 1,8, 
27» «''c'.), proposiium sit inqnirrre quam habeat 
series ilia ratioaem ad seriem totitlem viaximte 
tef/Kalinm : 

" Fiat investigatio per modum inductionia (ui in 
j>rcp. I. et prop, 19) : 
EritqHe 



0-^1 = 1 a 1 


1 








I+l»i~ 4 ~ * 




8 + »i-8-Sl°^ 8 
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1 
*-5- 






+ I > S +27* 
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1 
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1 


27 + « + a7 + « = 


iob"^ 


*i« 



Et sic deinc&pt. 

** Ratio provenicnx eH uhique major qiiam sub' 
quadruph,siiie \. Excessiis autem perpeluo dc- 
erescil,pro ut nmnerus terminorum augetur, puta 
' Vfi i la ^^^' -^^cto nimirum Jractionis denomina- 
iore sive conjtequenle rationis in singulis locis 
Humero quaternatto, ut patet, ut sit rationis pro- 
venicntis excessus supra suhquadruplam ea quam 
habet unifax ad quadruplmn numeri terminontm 
post adeoqiur." 

That is, if a row of quantities be propounded in 
triplicate proportion of arithmetically proportionals 
(or according to the row of cubic numbers), con- 
tinually increasing^, and beginning from a ]»>int or 

as 0, 1, H, 27, 61, &c., let it be propounded to 




iuqutre, what proportion that row 
liwmiwttj, ftp. as many equals to tiie greatest. 

Be it sought by way of inductioD, as in proposi- 
tion 1 and 19. 

The pro])Ositiou arisinp; is everywhere greater 
than Hubquiulruplc, or ^, ami the excess perpe- 
tually decreasetli as the number of terms increasetb. 
as !" s s ft ii St*^* The deuomiuator of the frac- 
tion, or consequent of the proportion, being in 
every place augineiited by the number 4, as is 
manifest, so that the excess of the arising propor- 
tion above subquadruple is the same with that 
which an unit hath to the quadruple of the num- 
ber of the terms after 0,and so. Here are just the 
same faults which are in pro]iositiou 19. 

For, if I be a fraction, and - be a fraction, 
and T be anot}ier fraction, then this eqaation 
TTi^ is false. For this fraction -^ is equal toO; 
and, therefore, we have -f "T» ^^^ *^> *^® whole 
equal to half. But perhaps you do not mean them 
fractions, but proportions ; and, ronsequeutlyf that 
the proportion of to 1, and of 1 to 1, com- 
pounded by addition (1 say by addition, not that 1, 
but that you think there is a compo^tiou of pro- 
portions by multiplication, which I shall show you 
anon is false), must be equal to the proportion of 
1 to iy which cannot be. Fur the proportion of 
to I U infinitely little, that is. none at all ; and, 
consequently, the proportion of 1 to 1 is equal 
to the proportion of 1 to 2, which is again absurd. 
t is uo doubt bm the whole number of -t- I 
111 lo I, and the whole number of I * 1 equal 
But, reckoning them as you do. not for 



whole numbers, but for fractions or proiiortions. M-.^.-rnr. 
the equations are false. cic^m-irj-.ha. 

Again, your set-oncl equation, ^-— *■ x» tliough 
meant of fractions, that is, of c|UQtients, it be true, 
and serve nothing to your purpose, yet, if it be 
meant of proportions, it is false. For the propor- 
tion of I to 4, and of I to 4 betni^ compounded, 
are equal to the proportion of 1 to 10, and so yon 
make the proportion of 2 to 4 etjual to the propor- 
tion of 1 to IC, where, as it is but subquadupli- 
cate, as you call it, or the quarter of it, as I call it. 
And, in the same manner, yon may demonstrate 
to yourself the same fault in all the other rows of 
how many terms soever they cousist. Therefore, 
you may give forlost this thirty-ninth proposition, 
as well as all the other thirty-eight that went 
before. As for the conclusion of it, which is, that 
the excess of the (trlsinf^ proportion, &c. They 
are the words of your fortieth proposition, where 
you express yourself better, and make your error 
more easy to be detected. 

The proposition is this : 

** Si proponaft/r seriejv tjuanfi/nlum in /rip/icafa 
rationc uritkmetice proportionalium {sive juxta 
seriem mtmerorum cnhicontm) continue rrescentium 
a puncto tel inchoatarumj ratio tjuam hnhct ilia 
ad seriem iotiilem maxtnue (trjuah'um sulMpuuhu- 
plftm sitjwrabit ; eritqne exeessus eu ratio rjuam 
haftet unitas ml quadrnplum nnmeri termmorum 
post ; sire quam hahct. radix rubira termini 
primi pout ud quadn/pfum radicis cubicte ter- 
mini maximi. Patet ex pra'cedeute. 

" Quum antem cresceute numero tfrminoriim cx- 
cessus ille supra rationem iidtquadruplam Ha 




O wwtf;-. kr . minor cvudtit, nt patct, si in injinifunt proredaUr, 
prorsus crnnituTtis ejft, adeotfuc. 

" Patet ex profiosttione pracedente. 

That is, if a row of quantities be propounded in 
triplicate proportion of aritliinetically proportional:: 
(or according to the row of cubic numbers), con- 
tinually increasing, and beginning at a point or 0; 
the proportion which that row hath ta a row nf 
as many equals to the greatest, is greater thui 
subc|uadniple proportion ; and the excess is that 
proportion whicli one unit bath to the quadrople 
of the number of terms after ; or, which ibe 
cubic root of the first term after hath to the 
quadruple of the root of the greatest term. 

It is manifest by the precedent propositions. ^| 

And, seeing the number of terms increasing, that 
excess above qviadruple proportion doth so con- 
tinually decrease, as that, at length, it becomes 
less than any proportiou that can bo assigned, 
as is mnnifcst, if the proceeding be iiiiiaite, it 
shall quite vaui!>ti. And so 

This couclusiuu was annexed to the end of your 
thirty-ninth proposition, as there prove<l. WTiat 
cause you had to make a new pro])usition of it, 
without other proof than patet ex prmcedetde, I 
ciuiiiot imagine. But, howsoever, the proposition 
is false. ^| 

For example, set forth any of your rows, as this 
of fewer terms : 



iW 



The row above is 36, the fourth part of 
row below is 27- The quadruple of the nnmbcr 
of terms after is 12. 'Ihen, by your acconnt, 
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the proportion of 3(i to 108 is greater than sub-"^^.^^ 
quadruple proportion by the proportiou of 1 to O rmifitv. k, , 
12. For trial whereof, set in order these three 
quantities, 36, 27, 108. The proportion of 30 
(the upjiermost row) to 103 (the lowermost row) 
is compounded by addition of the proportions 
36 to 27, and 27 to 108. And the proportion 
of 30 to 108, exoeedeth the proportion of '27 
to 108, by the proportion of 30 to 27. 13ut the 
proportion of 27 to 108 is suh()uadru])le propor- 
tion. Therefore, the proportion of 36 to 108 
exceedeth subquadruple proportion, by the pro- 
portion of 36 to '27' And, by your account, by 
the proportion of 1 to 12; and, consequently, as 
36 to 27, so is I to 12. Did you think such de- 
monstrations as these should always pass ? 

Then, for your inferenee from the decrease of 
the proportions of the excess, to the vanishing of 
the excess itself, I have already showed it to be 
false ; and by consetjuence that your next pro- 
position, namely, the fortieth, is also false. 

The proposition is this : 

" Si proponatur Jteries injinita quantitatnm in 
tripUcata ratione arithmfticc propar/iaNafiifm 
{site juxta seriein ttujnerormu cubicorum], cuti- 
tinue crescentium a puttcto sive inchoafarum, 
erit ilia ad scriem tatit/rm maxiiufe (equalium, ut 
1 tid 4, patet ex prteredetiic" 

That is, if there be propounded an infinite row 
of cjuantities in trijdicate proportion of lu-ith- 
raetically proportionals (or according to the row 
of cubic numbers), continually increasing, and 
be^nuing at a point or 0; it shall be to the row 
of as many equals to the greatest as I to 4. Mani- 
fest out of the precedent proposition. 
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Even as manifest as that 36, 27, I, 12, are pro- 
portionals. Seeing, therefore, your doctrine of 
the spiral Hues and the spaces is given by yourself 
for lost, and a vain attempt, your first forty-one 
propcsitions are undemonstrated, and the grounds 
of your demonstrations all fidse. The cause 
whereof is partly your taking quotient for propor- 
tion, nnd a point for 0, as you do in the first, sixteenth, 
and fortieth propositions, and in other places where 
you say, beginnhiff at a point or 0, though now you 
deny you ever said either. 'iTierc be very uianjT 
places in your Elenc/ins, where you say both ; and 
have uo excuse for it, but that, in one of the 
places, you say the proportion is penes /fuotienten, 
which is to the same or no sense. 

Your forty-second proimsition is grounded ou 
the fortieth ; and therefore, though true, and 
demonstrated by others, is not demonstrated by 
you, 

Your forty-third is this : 

" Pari methodo iuvenietur ratio seriei injinita 
(jHtinlitatum urithmctice proportionaliuui in ra- 
tione quadrupticata, quintupticata, sextupHeata, 
eir.^ arithmelice proportional i urn a pimdo sev 
iiichoaiarum^ ad seriem tolidevi maxima! trtjua- 
Hum. Nempe in quadriipHcata erit, ut I ad 5; 
in qninlitpHcata, ut 1 f/t/ 6 ; in sexlupficata, ut I 
ftd 7- Ei *"^ dcinceps." 

That is, by the same method will be found, the 
proportion of an infinite row of arithmetically pro- 
portionals, in proportion quadruplicate, quintupli- 
cate, sextuplicate, &c., of arithmetically propor- 
tionals, beginning at a point or 0, to the row of as 
many equals to the greatest; namely, in quadra- 




piicate, it shall be lu* 1 to 5; in quiutuplicate, as 1 ^^^."^^iLii 
l:.to ; in sextuplicotc, as 1 to 7 > ond so forth. ««w>wit. »«■ 

But by the same method thnt I have demon- 
strated, that the proposilions 19, 20, 21, 31», 4(», 
nnd 41, are fahv. : any man tlse, that will examine 
the forty-third may find it false alao. And, be- 
cause all the rest of the propositions of yonr 
Arithtnrtica Injinitorum depend on these, they 
may safely conclude, that there is nothing demon- 
strated in all that book, though it consist of 194 
propositions. The proportions of your parabolo- 
cides to their parallelograms are true, but the 
demonstrations false, and infer the contrary. Nor 
were they ever demonstrated (at lejLSt the demon- 
strations are not extant) hut by me ; nor can they 
be demonstrated, but upon the same grounds, 
concerning the nature of proportion, which I have 
clearly laid, and you not understood. For, if you 
had, you could never have fallen into so gross an 
error as is this your book of Arithmetica Injinito- 
rum, or that of the angle of contact. You may see 
by this, that your symbolic method is not only not 
. at all inventive of new theorems, but also dangerous 
in expressing the old. If the best musters of sym- 
bolics think for all this you are in the right, let 
them declare it. I know how far the aimlysis by 
the powers of tlie lines extendetb, as well as the 
best of your half-learnt ejiistlers, that approve so 

Fiily of such analogisms us those, 5, 4, 1, 12, and 
»37, I, 12, &c. 
It is well for you that they who have the dis- 
posing of the professors' places take not upon them 
to be judges of geometry. Kor, if they did, seeing 
I you confess you have read the^e doctrines in your 
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«»rtoi.f Df school, you had been in danger of being pot oat rf 

UmmHU,. fee. JOMT plot^e. 

Wlieti the anthor of the paper wherein I am 

called Plagiary, and wherein the honour is taken 

from you of being the first inventor of these fine 
theorems, shall read this that I have here writttai, 
he will look to get no credit by it ; ej?;pecially if it 
be Koberval, which methinks it should not be. For 
he understands what proportion is, better than to 
make 5 to 4 the same with 1 to 12. Or to make, 
again, the proportion of 36 to 27 the same with 
that of 1 to I'J ; and innumerable disproportion- \ 
alites that may be inferred from the grounds you 
go on. But if it be llobcrval indeed, that snatches 
this invention from you, when he shall see this 
burning coal hanging at it, be will let it fall again, , 
for fear of spoiUng his reputation. dH 

But what shall I answer to the authority of th^^ 
three great mathematicians that sent yoa those 
encomiastic letters. For the first, whom you say \ 
nse to praise, I shall take better heed hereafter of 
praising any man for his learning whilst he is . 
young, further than that he is in a good way. But 
it seems he was in too ready a way of thinking very 
well of himself, as you do of yourself. For the 
mnddiness of my brain I must confess it ; but. Sir, : 
ought not you to confess the same of yours ? No, 
men of your tenets use not to do so. He wonders, 
say you. you thought it worth the while to foul 
your fingers almut such n piece. It is well ; erery i 
lan abounds in his own sense. If you and I were 

be compared by the compliments that are given 
in private letters, both you and your compli- 

•ntors would be out of countenance; which com- 



pliments, besides that which has been printed and M«ic.'>rDr. 
punlishen m the commendations of my writings, iiGMnHrT, a». 
it were put together, would make a greater volume 
than either of your libels. And truly, Sir, I had 
never answered your Klenchus as proceeding from 
Dr. Wallis, if I had not considered you also as the 
minister to execute the malice of that sort of peo- 
ple that are offended with my Leviathan. 

As for the judgment of that public Professor 
that makes himself a witness of the goodness of 
your geometry, a man may easily see by the letter 
itself that he is a dunce. And for the English 
person of quality whom I know not, I can say no 
more yet than I can say of all three, that he is so 
ill a geometrician, as not to detect those gross 
paralogisms as infer that 5 to 4 and 1 to 12 are the 
same proportion. He came into the cry of those 
whom your title had deceived. 
^^ And now I shall let you see that the composition 
^^f proportion by multiplication, as it is in the fifth 
definition of the sixth clement, is but another way of 
I adding proportions one to another. Let the propor- 
tions be of 2 to 3, and of 4 to 5. Multiply 2 into 4 
and 3 into 5, the proportion arising is of 8 to 15. 
Put in order these three quantities, 8, 12, 15. The 
oportion therefore of 8 to 15, compounded of 
be proportions of 8 to 12, (that is, of 2 to 3) and 
of 12 to 15, that is, of 4 to 5 by addition. Again, 
let the proportion be of 2 to 3, and of 4 to 5, 
multiply 2 into 5 and 3 into 4, the proportions 
arising is of 10 to 12. Put in order these three 
numbers, 10, 8, 12. The proportion 10 to 12 is 
compounded of the proportions of 10 to 8, that is 
of 5 to 4, and of 8 to 12, that is, of 2 to 3 by 
addition. 1 wonder you know not this. 
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w^"'»wij ^ *^"** *'***■ ^^^^ vnoTe clamour ac^iinst me for sayinc 
q wwpy. «c . the prnportion of 1 to 2 is double to that of I to 4. 

Your book, you speak of, coiiceruing proportion 
a^iist Meihomiua is like to be very useful when 
neither of you both <lo UDdcrstand what proportioa I 
is. 

You take exceptious, as that I say, that EucUi 
has but one word for double and dupliraie ; which ' 
nevertlieless was said very truly, and that word is 
sometimes e.»x««noc and sometimes ttirXtxaiwy, Am\ 
you think you have come off handsomely willi 
asking: me whether ^Xrinoc and MXaaiiur be one | 
word. ^M 

Nor are you now of the mind you were, that i^ 
jmint is not quanftty uNeon-iitlereti, but thut in an 
infinite series it may be safely neglected. What ii 
neglected but unconsidered. 

Nor do you any more stand to it, that the ^rro- 
tient is the proportion. And yet were these t 
main grounds of your Elenckus. 

But yon will say, perhaps, I do answer to the 
defence you have now made in this your Sehoai 
Discipline: 'tis true. But 'tis not because you 
answer never a word to my former objection* 
against these propositions 19, 89; but because yoa 
do 60 shift and wrijo^tcle, and throw out ink, that I 
cannot perceive which way you go, nor need I, 
especially in your vindication of your Arithmeiiea 
Injinitorttm. Only I must take notice that in the 
end of it, you have these words. "Well. Arith- 
meiiea Jt\finitorum is come nff" clear." You sea 
the contrary. For sprawHug is no defence. 

It is enough to me that 1 have clearly deraoti- 
strated both before sufficiently, and now again 



% 




ABSURD OnOMETRY, ETC. 



•3ii3 



ibnndnntly, that your book of Arithmetica Ittjini- **■*• 
forum is all noii2;iit from the bo^nniiig to the end, o»m»tTf. **,' 
Bnd that thereby I have effected that your autho- ^" 
rity shall never hereafter be taken for a prejudice, 
^nd, therefore, tliey tliat have a desire to know 
ftbe truth in the <]uestiniis between us, will hence- 
forth, if they be wise, examine my peometry, by 
Bttentive reading me in my own writings, and then 
examine, whether this writing of yours confute or 
enervate mine. 

There is in my fifth lesson a proposition, with a 
diagram to it, to make good, I dare say, at least 
against you, my twentieth chapter concerning the 
dimension of a circle. If that demonstration be not 
shown to be false, yonr objections to that chapter, 
though by me rejected, come to nothing. I wonder 
why you pass it over in silence. But you are not, 
you say, bound to answer it. True, nor yet to 
defend what you have written against mc. 

Before I give over the examination of your 
geometry, I must tell you that your words, (p. 101 
of your School Dhcipl'me), against the first coroll- 
ar>' are untrue. 

Your words are these : " you affirm that the 
proportion of the parabola A li I to the parabola 
A F K is triplicate to the proportion of the time 
A B to A F, as it is in the English" This is not 
; so. Let the render tnrn to the place and judge. 
And going on you say, '^^ or (^ the impetus li I io 
F K as it is in the Latin." Nay, as it is in the 
English, and the other in the Latin. It is but 
your mistake ; but a mistake is not easily excused 
in a false accusation. 
bYour exception to my saying, "that the dif' 




WmnurlSurd y^'"^"'^^* ^f ^"^^^ quantities is their proportion^ 
r. *c. (when they differ, as tlie no difference, when they 
be equal), might have been pnt in among'st other 
marks of your not sufficiently understanding the 
Latin ton^e. Differrc and differentia differ no 
more than vitcre and r/V«, which is notliing at all, 
but as the other words require that go with them, 
which other words you do not much use to con- 
sider. But d\fferre and the qttantity by which 
they differ J are quite of another kind. Differre^^ 
(ri) cta<f,{pHy, rw imtpixur) differing, excecdinfr, is not ; 
quantity, but relation. But the quantity by which — ^ 

they differ is always a certain and determined 

quantity, yet the word differentia serves for both^^-^ 
and is to be nndcrstood by the coherence with — _ 
that which went before. Hut I had said before«_ 
and expressly to prevent cavil, that relation is^s 
nothing but a comparison, and that proportion i^^ 
nothing but relation of quantities, and so definetl^S 

them, and therefore I did there use the word dif 

ferentia for differing, and not for the quantity 

which was left by subtraction. For a quantity is noti^::: 
a differing, Tliis I thought the intelligent readei — ^ 
would of himself understand without putting me^^^ 
instead of differentia, to use (as some do, and L 
shall never do) the mongrel word to differre. Au 
whereas in one only ]>lace for differre temari 
I have writ ternarins, if you had understood wha 
was clearly expressed before, you might have bee 
sure it was not my meaning, and therefore th 

excepting against it was either want of understand^ 

ing, or want of candour, choose which you will. 

You do not yet clear your doctrine of eonden— 
satiott and rarefaction. But I believe you will by 
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become satisfied that tliev who say theW"^' 
same numerical b<»dy may be sometimes greater, u wiwuj-. *< ■ 
sometimes less, spealt absurdlj', and that condett- 
satioa and rarefaction here, and defmitire and 
circumscrlptiee, and some otiier of your distinc- 
tions elsewhere are but snares, such as school 
divines have invented 

^^ 'Ov\6ftttmt xii** aXv«ic fjvtaic a^apian, 

to entangle shallow wits. 

And that that distinction which you bring here, 
**t&ai it is ttf th^ same ijuuntity while it is in the 
same ptace^ hut it ma// he of a different quantity 
when it goes out of its place" {&s if the place added 
to, or took any qujuitity from the body placed), is 
nothing hut mere words. It is true that the body 
which swells changeth place, but it is not by be- 
coming itself a greater body, but by admixtiou of 
air or other body, as when water riseth up in 
boiling, it taketii in some parts of air. Rut seeiug 
the first place of the body is to the body equal, 
and the second place equal to the same boily, the 
places must also be equal to one another, and con- 
sequently the dimensions of the body remain equal 

. in both places. 

\ Sir, when I said that such doctrine was taught 
in the Universities, I did not speak against the 
Universities, but against such as you. I have done 
with your geometry, which is one Tiy/iv. 

^ RURAL LANGUAGE. 

8 for your eloquence, let the reader judge 
whether yours or mine be the more muddy, though 
I in plain Mtolding should have outdone you, yet 
VOL. VII. c c 




laiinoiDT. I have this excuse which you have not, that 1 di 

r«IU»-| rani , , ., , , ■ i 

■nffiia««. *<■. bnt answer your challenge at that wtsijioii winch 
you thought fit to choose. The catalogue of the 
hard language which you put iu at pages 3 and 4 
of your Srhool Discipline^ I acknowledge to be 
mine, and would have been content yon had put 
tu all. The titles you say I give you of Jhofx, 
beasts, and tjsxes, I do not give you, but drive 
back upon you, which la no more than not to 
own them ; for the rest of the catalogue, 1 like 
it so well as you could not have pleased me better 
than by setting those passages together to make 
them more conspicuous ; that is all the defence I 
will make to your accusations of that kind. 

And now I would have you to consider whether 
you will make the like defence against the faults 
that I shall find in the language of your School 
Discipline. 

I observe, first, the facetiousness of your title- 
page, "Due correction for Mr. Hobbes, or School 
Discipline, for not saying his Lessons right." 
What a quibble is this upon the word lesson; 
besides, you know it has taken wind j for you 
vented it amongst your acquaintance at Oxford 
then when my Lessons were but upon the press. 
Do you think if you had pretermitted that piece of 
wit, the opinion of your judgment would have been 
ere the less ? But you were not content with this, 
but must make this metaphor from the rod to take 
up a considerable part of your book, in which 
there is scarce anything that yourself can think 
wittily said besides it. Consider also these words 
of yours : ** it is to be liofted thai in time you 
may come to learn the language, for you l*e 
cume to great A already.''^ And presently after, 
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were I sreat A, before I would he tcillhs to be "■*• ■*' ''*• 

" *' " Wallii ( rural 

■SO uxeffy I ihoitid u>hh mi/te(f little a a hnndred \<mpa^. *c 
timesr Sir, you arc a doctor of divinity and a 
professor of geometry, but do not deceive yourself, 
this does not pass for wit in these parts, no, nor 
geiiernlly nt Oxford ; I have acquaintance there 
that will blush at the reading it. 

Again, in another place you have these words: 
*' Theit you catechize us, ' w/i/it is your name 9 
Are you geometricians ? Who gave you that 
name^' " &c. Besides in other places such abund- 
ance of the like insipid conceits, as would make 
men thiuk, if tliey were no otherwise acquainted 
with the University but by reading your books, 
that the dearth there of salt were very great. If 
you hare any passage more like to salt than these 
are (excepting now and anon) you may do well to 
show it to your acquaintance, lest they despise 
you; for, since the detection of your geometry, 
you have nothing left you else to defend you from 
contempt. But I pass over this kind of eloquence, 
and come to somewhat yet more rural. 

Page 27, line 1, you say I have given Euclid his 
lurry. And again, page 129, UneU,"flnr/ now 
be is l^t to leant hijs lurry" I understand not 
the word lurry. 1 never read it before, nor heard 
it, as I remember, but once, atid that was when a 
clown threatening another clown said be would 
ive him such a lurry come poop, &c. Such words 
as these do not become a learned mouth, much less 
arc fit to be registered in the public writings of a 
doctor of divinity. In another place you have 
these words, "Jmt the same to a cote's thumb" a 
pretty adage. 

C C2 





!, *' But prithcr tell mr: And agair. 
page 1)5, "prithee tell me, ichy dont thou ask m 
*uclt a f/nextimi," and the like in many other place*. 
You cannot but know how easy it is and was 
for me to have spoken to you in the same language. 
Why did I not ? Beeaii.se I thoug;ht that amougst 
men that were civilly bred it would have re- 
dounded to my shame, as you have cause to fear 
that this will redound to yours. But what moved 
you to speak in that manner: Were you angry? 
If I thought that the cause, I could pardon it the 
sooner, but it must be very great anger that caa 
put a man, that professeth to teach good manners, 
so much out of his wits as to full into such a lan- 
g^uage as this of yoiirs. It was perhaps an imagi- 
nation that you were talking to your inferior, 
which I will not grant you, nor will the heralds, 
I believe, trouble themselves to decide the questiou. 
But, howsoever, I do not 6nd that civil men use 
to speak so to their inferiors. If you grant my 
learning but to be equal to yours, (which you may 
certainly do without very much disparag^iug of 
yourself abroad in the world), you may think it 
less insolence in me to speak so to you in res|>cct 
of my age, than for you to speak so to me in 
respect of your young doctorship. You will find 
that for all your doctorship, your elders, if other- 
wise of as good repute as you, will be respected 
before you. But I am not sure that this language 
of yours proceeded from tliat cause ; 1 am rather 
inclined to think you have not been enough iu goo<l 
comi>any, and that there is still somewhat left in 
your munneni for which the honest youths of 
Plediugton and Hincsey may compare with you 
for good language, as great a doctor as you 




For my verses of the P*;ak, thotidi they be as "»'''■ "^ *■ 
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ul in my opiniou as I bchcve they are m yours, unx*>w*. kc 
and made loug since, yet they are not so olwceiie 
as that they ou^ht to he blamed by Dr. Wallis. I 
pray you, sir, whereas you have these words iu your 
School Dincipline, P^^ 96, " unlexH you will fray 
that one and the xame jtto/ipn may Ite now and anon 
too'* What was the reason you put these word.s, 
note and anon loo, in a different character, that 
makes them to lie more taken notice of? Do you 
think that the story of the minister that uttered 
his affection (if it be not a slander) not unlawfully 
but unseai^onably, is not known to others as well 
as to you ? What needed you then, when there 
was nothing; that I had said could give the occa- 
sion, to use those words ; there is nothing iu my 
verses that do olere hircmn so much as this of 
yours. 1 know what good you can receive by ru- 
minating ou such ideas, or cherishing of such 
thoughts. But 1 go on to other words of mine by 
you reproached, " you may as well seek the Jocus 
of the parabola of Dives and Lazarus" w Inch you 
say is mocking the Scripture; to which I answer 
only, that I intended not to mock the Scripture, 
but you, and that which was not meant for mock* 
ing was none. And thus you have a second ri7/tif. 

GRAMMAn AND CRITIQUKS. 

I come now to the comparison of our Grammar 
and Critiques. You object first against the signifi- 
cation 1 give of •riy^ifi, and say thus : " IVknt should 
come into your cap (that, if you mark it, in a man 
that wears a square cap to one that wears a hat, 
is very witty) to make you think that ttyft^ signi' 
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^s a mark or ftrttmf with a fiot iron ? I jiercehe 
1. where t!te btisittess lies, it teas viyfta run in yaw 
mind when you taiked of ^'y^v ; and became the 
tcords are sumew/ial alike you jumble them hoik 
tof^ether." Sir, I told you once before, you pre- 
sume too niach upon your first cogitations. Aris- 
tophanes, in Ranis, Act. v. Seen. 5, 

The old commentator upon the word ■?;£« 

thus, T<;at ttYTi TOO riy/*ar'irac. riv yap £c)i>c- *■ hat IS, «»i«t 

for nyptr<>ac, fof he (Adimaotos) was not a citizen. 
I hope the commentator does not here mock Aris- 
tophanes for jumbling liioc and nypmivK together, 
for want of understanding Greek. No, riioc and 
Tty/iorurac Signify the same, sare that for branding 
I seldom read fty^ar<Vac but ^iSnt. For ^iy^a does 
no more signify a brand with a hot iron, than 
Tty^i) a point made also with a hot iron. They 
have both one common theme «;;»>, which docs not 
signify pungo, nor interyttuigo, nor inwro, for all 
your Lexicon, but notam imprimere, or pungemlo 
notare, without any restriction to burning or punch- 
ing. It is therefore no less proper to say that ti7^4 
is a mark witli a hot iron, than to say die same of 
xiypa. The difference is only thw, that when they 
marked n slave, or a rascal, as you ore not igno- 
rant is usually done here at the assizes in the hand 
or shoulder with a hot iron, they called that «ypo, 
not for the burning, but for the mark. And as it 
would have been called riyfM that was imprinted 
on a slave, though made by staining or incision, 
so it is Tiy^iq, though done with a hot iron. And 
therefore there was no jumbling of those two words 
together, as for want of reading Greek authors, and 
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by trusting too much to yonr dictionaries, which mmw 
you say are proofs good enough for su<?h a business, n-r * 
you were made to imagine. Tlie uiie I h»ve made 
thereof was to show that a point, both by the word 
lifiivy in Kuclid, and by the word T,y[i!i in some 
others, was not nothing, but a tisihle mark, the 
ignorance whereof hath thrown you into so many 
paralogisms in geometry. 

But do you think you can defend your Adducis 
MaUeum as well as I have now defended my Tiyfii) r 
You have brouglit, I confess, above a hundred 
places of authors, where there is the word rfwco, 
or some of its compounds, but none of them will 
justify Adducis MaUeum^ and, excepting two of 
those places, you yourself seem to condemn them 
all, comparing yours with none of the rest but 
with these two only, both oat of Plautus, by you 
not well understood. The first is in CasJna, Act. v. 
Seen. 2, " Uf/i iniro hanc novam nuptnm dedusif 
via recta, clavem abduxi ," which you, presently 
presuming of your first thoughts, a peculiar fault 
to men of your principles, assure yourself is right. 
Bnt if you look on the place as Scaliger reads it, 
cited by the commentator, you will find it should 
be abdiij-ij and that dfivis is there used for the 
bolt of the lock. Besides, he bolted it within. 
Whither then could he carry away the key ? The 
place is to be rendered thus, when I had hroti^ht 
in this new bride I presenthj locked the dwjr, and 
is this as bad every whit as Adducis MaUeum ? 
Tlie second place is in Amphylruo, Act. i. Seen. I, 
*^EaiH (cirneam), ut a malrej'uerat natum, plenatn 
rim eduxi nieri" which you interpret / brought 
a Jlugoti of mne, nnlearnedly. Tliey are 
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Muta ct Dr. the words of Mercury transformed into Sosia. 

m>rj[«iti.,.«. And to try whether Mercury were Sosia or not, 
Sosia asked him where he was and what he did 
during the battle ; to which Mercury answered, 
who knew where Sosia then was and what he did, 
/ teas in the cellar, tvhere I filled a cirnea, and 
hrotight it up full of whit% pure as it came from 
itx mother. By the mother of the wine meaning 
the vine, and alluding to the education of children, 
for ebibi said eduj-'t^ and, with an emphusis in meri, 
because cirnea (from K^^^aw, misceo) was a vessel 
wherein they put water to temper to their wine. 
Intimating that though the vessel was cirnea, yet 
the wine was merum. This is the true sense of the 
place ; but you will have edttxi to be, / brought 
out, though he came not out himself. You see, 
sir, that neither this is so bad as Adtlucis Malleum. 
But suppose out of some one place in some one 
blind author you had paralleled your Additcis Mai' 
leum, do you think it must therefore presently be 
held for good Latin ? Why more than learn hit 
lurry must be therefore thought good English a 
thousand years hence, because it will be read in Dr. 
Wallis's long-lived works. But how do you construe 
this passage(l Tim. ii. 1 5} of the Greek Testament: 

Zwti^iTcrni (c Itit rijc mtoytniuc. tav fitivtaat* tv Ti«i? 1 OU COU- 

strue it thus : she shall be saved notwithstanding 
child-hearing, if (the ivoman ) remain in the faith. 
Is child-bearing any obstacle to the salvation of 
women ? You might as well have translated the 
first verse of the ^fth of Romans in this manner. 
Being then justified htj faith, we have peace with 
Ood notwithstanding our Lord Jesufi Christ. I 
let pass your nut tiudiug in riKroyoyta^, as good a 
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grammarian as you are, a nominative case to ""^J*"^'*' 
/<*;r*Kn^. If yon hart remembered the place, I Pet. m u a <TniTH 
ill. 20, tff^vrar ii iiamc, that is, tkey Were sated in 
the waters^ you would have thouglit your con- 
struction justified theu very well ; but you had been 
deceived, for Zta does not there signify causam, 
ttbltttioncnt imj^eilimcnti^ l)nt trans'ttum ; not cause 
or removing an inipcdiment^ but passage. Being 
come thus far, I found a friend that hath eased 
me of this dispute: for he showed me a letter 
written to himself from a learned man, that hath 
out of ver)' good authors collected enough to decide 
all the grammatical questions between you and 
me, both Greek and Latin. He would not let me 
know his name, nor anything of him but only this, 
that he had better oniamcnls than to be willing 
to go clad abroad lu the habit of a gramuiarian. 
But he gave me leave tu make use of so mutdi of the 
letter as I thought fit in this dispute, which I have 
done, and have added it to the end of this writing. 
But before I come to that, you must not take it 
ill, though I have done with your School Disci- 
pline, if I examine a little some other of your 
printed writings as you have exaniiued mine; for 
neither you in geometry, nor such as you in church 
politics, cannot expect to publish any unwholesome 
doctrine without some antidotes from me, as long 
OS i can hold a pen. But why did you answer 
nothing to my sixth Lesson ? Because, you say, 
it concerned your colleague only. No, sir, it con- 
cerned you also, and chiefly, for I have not heard 
that your colleague holdeth those dangerous prin- 
ciples which I take notice of in you, in my si\th 
Lesson, page 350, upon the occusiou of the^e 




" Perhaps t/oH tahe i 
mv tf vm-i»F^ whole history of the Jail of Ailam Jar a J'at 

which is no wonder, seeing you say the rules ^ 
honounng and worshipping of God are to Ix 
taken Jrtnn the laws" In answer to which I said 
thus : " You tfutt take so keiuoudy, that I would 
have the rtde of God's worship in a Christian 
commonicealth to be taken from the Utws, tell me 

from whom yon, would have them itdten ? From 
yourself? Why so, more than from me? From 
the bishops ? Rights if the supreme jtowcr of thf 
commottwcalth will have it so ; if not, why J'rom 
them rather than J'rom me? From a consistory <f 
presbyters themselces, or joined with lay elders, 
whom they may sway as they please ? Good, if 
the supreme governor of the commonwealth will 
have it so. If not, why from them rather than 

J'rom me, or from any man else ? They are wiser 
ami Icarneder than I ; it may be so, hut it has 
Jiot yet appeared. Howsoever, l^t that be granted. 
Is there any man so very a fool as to subject kirn- 
self to the rtdes of other men in those things which 
do so nearly concern himself, Jor (he title they 
assume <f being wise and learned, nnU'ss they 
a/so have the sword which must protect them ? 
But it seems you understand the sword as cont^ 
prehended. if so, do not you then receive the 
rules of God's worship from the cidl pofverf 
Yes, doubtless ; and you would expect, f your 
consistory had that sword, that no man should 
dare to exercise or teach any rules concerning 
God's worship which were not by you allowed." 

This will l>c tliought strong arguuigr, if you du 
uot answer it. But the truth is, you cuuUl soy 
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Dothisf!: acainst it without too plainly ilisooveriiiff Mwk.<>f ttc 
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four ai^ncction to tue govenimeut. Ana yet,«^ttcMn^im. 
^on have discovered it pretty well in your secoud ' 

%€siSf maintained in the Act at OxAird, 1651, 
since by yourself published. This Thesis 1 

lall speak briefly to. 



SCOTCH CHURCH POLITICS. 

You define ministers of the Gos])el to be those 
to whom ihe preaching of fhe Gospel hy their 
Hffice M enjoined hy Christ. Pray you, first, what do 
you mean by saying preaching ex f^ffifto is enjoined 
iy Christ? Are they preachers ex officio, and 
afterwards enjoined to preach ? Ex qfflcio adds 
liothing to the definition ; but a man may easily 
Bee your purpose to disjoin yourself from tlie state 
by iuscrting it. 

Secondly, I desire to know in what manner you 
'will be able out of this definition to prove yourself 
la minister ? Did Christ himself immediately eu- 
Soin you to preach, or g^ve you orders? No. 
iVlio then, some bishop, or minister, or ministers ? 
Yes ; by what authority ? Are you sxu"e they had 
authority immediately from Christ ? No. How 
then are you sure but that they might have none ? 
At least, some of them through whom your autho- 
rity is derived might have none. And therefore 
if you run bat'k for your authority towards the 
I Apostles' times but a matter of sixscore years, you 
will find your authority derived from the Pope, 
which words have a sound very unlike to the voice 
of the laws of England. And yet the Poi)e will 
not own you. There is no man doubts but that 
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MwUof Dt. you hold that your office comes to you by suooe*- 
ciMi.Tbpuiiiia.sive iinpusition of hands fnnii the time of the 
* ' Apostles ; which opinion in those gentle terms 
passeth well enough ; but to say you derive yoor 
autliority from theuce, not throui^h the authority 
of the sovereign power civil, is too rude to be en- 
dured iu a state that would live iu peace. In a 
word, you can never prove you arc a minister, but 
by the supreme autbority of the commonwealtb. 
Why then do you not put some such clause into 
your definition r As thus, mhiixtent qf the Gosjxl 
are tho,se to whom the preaching qf the Gosjwl is 
enjoined by the socereigii juncer in the name tf 
Christ. What harm is there in this definition, 
saving only it crosses the ambition of many men 
that hold, your principles r Then you define tlie 
power of a minister thus: " The power qf a miriixter 
is that which hehn^Hh to a minister of the Gospel 
in virtue of ffie ojffice he hofds, inasmuch as ke 
holds a pnhlic station, and is distinguished jVom 
private Christians. Such as is the power ^ 
preaching the Gospci, administering the sacra- 
ment^ the use qf ecclesiastical censures, and or- 
daining of Ministers" ^'c. 

Again, how will you prove out of this dcfinitjoii 
that you, or any man else, hnth the power of a 
minister, if it be not given him by him that is the 
sovereign of the commonwealth r For seeing, as 
I Imve now proved, it is from him that you rauat 
derive your ministry, you can have no other 
p<iwer than that which is limited in your orders, 
nor that neither longer than he thinks fit. For if 
he give it you for tlie instruction of his subjects in 
their duty, he may take it from you again whcnso* 
ever he shall see vou instruct them with undutiful 
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and seditious principles. And if the soveretgn "^,°'J^^ 
power give me command, though without the ci iwi- i-ii«t «. 
ceremony of imposition of hands, to teach the doc- 
trine of my Leriathan in the pulpit, why am not I, 
if my doctrine and life he as ^ood as yours, a 
minister as well as you, and as public a person as 
you are? For piihlic person, prhriarity, is none 
but the civil sovereien, and so secondarily, all that 
are employed in the execution of any part of the 
public charge. For all are his ministers, and 
therefore also Christ's ministers because he is so ; 
and other ministers are hut his vicars, and ought 
not to do or say anything to his people contrary 
to tlie intention of the sovereign in giving them 
their commission. 

Again, if you have in your commission a power 
to excommunicate, how can you think that your 
sovereign who gave you that commission, iutended 
it for a commission to excommunicate himself f 
that is, as lone as he stand cxcoranmnicate, to 
deprive liim of his kingdom. !f all subjects were 
of your mind, as I hope they will never be, they 
will have a very unquiet life. And yet this has, 
as I have often heard, been practised in Scotland, 
when ministers holding your principles had power 
enough, though no right, to do it. 

And for administration of the sacraments, if by 
the supreme power of the commonwealth it were 
committed to such of the Inity as know how it 
ought to be done as well as you, they would ipjta 
Jaclo be ministers as good as you. Likewise the 
right of ordination of ministers depends not now 
on the imposition of hands of a minister or pres- 
bytery, but on the authority of the Christian 
sovereign, Christ's immediate vicar and supreme 
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wdlufs^h S'*vc"'or »f ftll persons and judge of all causes, 
c hiud> poiiit M. both spiritual and temporal, in his own dominions, 
which I believe you will not deny. 

This being evident, what acts are ihtwe of youn 
which you call authoHfatice^ and receive not from 
the authority of the civil power? A constable 
does the acts of a constable authoritaiivehj in that 
sense. Therefore you can no otherwise claim yonr 
]>ower than a constable claimeth his, who does not 
exercise his office in the constabulary of another. 
But you forget that the Scribes and the Pharisees 
sit no more in Moses* chair. 

You would have every minister to be a minis* 
ter of the universal Church, and that it be lawful 
for you to preach your doctrine at Rome ; if you 
wonld be pleased to try, you would find the con- 
trary. You bring no argument for it that looks 
like reason. Examples prove nothing, where per- 
sons, times, and other circumstances differ ; as 
they differ very much now when kings are Chris- 
tians, from what they were then when kings per- 
secuted Christians. It is easy to perceive what 
you aim at. 

You would fain have market-day lectures set up 
by authority, (not by the authority of the civil 
power, but by the authority of example of the 
Apostles in the emission of preachers to the in- 
fidels), not knowing that any Christian may law- 
ftilly preach to the infidels ; that is to say, proclaim 
unto them that Jesus is the Messiah, without need 
of being otherways made a minister, as the dea- 
cons did in the Apostles' time ; nor that many 
teachers, miless they cau agree better, do anything 
else but prepare men for faction, nay, rather you 
know it well enough, but it conduces to your end 
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upon the marketxlays to dispose at once both J'^f^.^^jJ;;^,, 
town and country, under a fiilse pretence of obe- cimwh poiuic*. 
dience to God, to a neglecting of the command- 
ments of the civil sovereign, and make the subject 
to be wholly ruled by yourselves, wherein you 
have already found yourselves deceived. You 
know bow to trouble and sometimes undo a slack 
government, and had need to be warily looked to, 
but are not fit to liold the reins. And how should 
you, being men of so little judgment as not to see 
the necessity of unity in the governor, and of abso- 
lute obedience in the governed, as is manifest out 
of tl»e place of your Elenchua above recited. The 
doctrine of the duty of private men in a com- 
monwealth is much more difficult, not only than 
the knowledge of your symbols, but also than the 
knowledge of geometry itself. How then do you 
think, when you err so grossly in a few equations, 
and ui the use of most common words, you should 
be fit to govern so great nations as Eugland, Ire- 
land, and Scotland, or so much as to teach them ? 
For it is not reading but judgment that enables 
one man to teach another. 

1 have one thing more to add, and that is the 
disaffection I am charged withal to the universi- 
ties. Concerning the Universities of Oxford and 
Cambridge, I ever held them for the greatest and 
noblest means of advancing learning of nil kinds, 
where they should be therein employed, as being 
furnished with large endowments and other helps 
of study, and fircqucntcd with abundance of young 
r^ljentlemen of good families and good breeding 
from their childhood. On the other side, in case 
the same means and the same wiLs should be cm- 
ployed in the advancing of the doctrines that tend 
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hrftv. iQ i}if. neakeninc of the public, and streue:theiuiiE: 
chi.nl. poHdM. of the power of any private aicbitious party, thej 
would also be very effeotual for that ; and conse- 
quently that if any doctrine tending to the dimu 
nishin^ of the civil power were taught there, not 
that the Universities were to blame, but only those 
men that in the universities, either in lecture, 
seriiiQn», printed books, or theses, did teach sucb 
doctrine to their hearers or readers. Now you 
know very well that in the time of the Roman reli- 
gion, the power of the Pope in England was upheld 
principally by such teachers in the uuiversities. 
You know also how much the divines that held the 
same principles in Church government with yoo, 
have contributed to our late troubles. Can 1 
therefore be justly tasted with disaffection to the 
universities for wishing this to be reformed r And 
it hath pleased God of late to reform it in a great 
measure, and indeed as I thought totally, when out 
comes this your Thesis boldly maintained to show 
the contrary. Nor can I yet call this your doc- 
trine the doctrine of the university ; but surely it 
will not be unreoMinable to think so, if by public 
act of the university it be not disavowed, which 
done, and that as often as there shall he need, 
there can he no longer doubt but that the univer- 
sities of England are not only the noblest of all 
Christian universities, but also absolutely, and of 
Uie greatest benefit to this commonwealth that con 
■' I'xrept that beneBt of the head itself 
iiiil ruleth all. I have not here par- 
li' jih all the ill consequences th^ 

t^^m this The*h of yours, because 
' 'her pnivoked, have somewhat to 
So much for the third Ti-y^. 





AN EXTRACT OF A LETTER CONCERNING THK 

GRAMMATICAL PART OF THK CONTHOVKRSY 

BBTWKKN MR. HOBBES AND I>R. WALLIS. 

Mb. Hobbes hath these words: " Aort^//wrf/«t';fl Ao"i™:("r 
percursam motu ujiijonm, cum impetu ubique ipsi mi.\\irfrmmm- 
BD aquaUr Dr. Wallis sailh cum were better ^."J^^^;!^ 
out, unless you would huve impelHs to be only a ' ' 
comi>auiou, not a caii-te. Mr, Ilobbes answered 
it was the ablaiicc case of the manner. The truth 
is the ablative cojse of the matmer aud cause both, 
may be used with the conjunction thot, as may be 
justified. Cicero in Lib. u. J)e Naf. Deornm:"Mo- 
liri aliquid cum laiorc operoso ac mah'slo ;" aud 
in his oration for Cseciua : " De se atitem hoc pree- 
dicaiy Antiocho Ebulii servo impcrasse ut in Cee- 
cinnm advenientem rum fcrro invaderet." Let us 
See then what Dr. Wallis objects against Tally, 
where a casualty is imported, though we may use 
with in English, yet not ciem in Latin ; to kill with 
a sword, iniportiug^ this to liavc an instrumental 
or causal influence, and not only that it han^ by 
the man's side whilst some otlier weapon is made 
use of, is not in Latin occidere cum frladio, but 
giadio occiderc. This shows that the Doctor hath 
not forgot his grammar, for the subsequent ex- 
amples as well ns this rule arp borrowed Iheiice. 
But yet he might liave known that great per- 
sonages have never confined themselves to this 
pedantry, but have chosen to walk in a greater la- 
titude. Must of the eleganoies and idioms of every 
language are exceptions to his grammar. But 
since Mr. Hobbeit saith it is the ablative case of 
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Aarairwiof tjjg maimer, there is no doubt it may be expressed 
lug (hrpMHu- With ctfw. The Doctor in the meantime knew do 
«.«ii^j. L. more than what Lilly had taught bim ; Alvarez would 
" ' have taught liim more ; and Vossius in his book, 
De CottstrtKlione, cap. xlvh. expressly teacheth. 
** Ablatitos eauaee, instrnmenti^ vel modi^ won a 
verbo regixed a prapositione omixjta, « vt'/ nh, de. 
e tel ex J pnc, aut cum, ttc prerpositiones eas quan- 
doque expritni nUi quod cum abtatiris ins/rurmMii 
haml tfttu-re incenias ;" and afterwards be saith, 
" noil fimere huifaitdttm." If this be so, then did 
Mr. Mobbes spe^ grammaticaily. and with Tally, 
but not nsually. And might not one retort upon 
the Doctor, that Vossius is as great a critic as he? 
His next reflection is upon prtetendii scire, thi* 
he saith is an Anglicism. If this be all his accu- 
sation, u)>on this score we shall lose many expres- 
sions that are used by the best authors, which 1 
take to be gtx)d Latinisms, though they be also 
Anglirisms, the latter being but an imitation oi 
the former. The Doctor therefore was too fierce 
to condemn upon so general an account, that which 
was not to have been censiired for being^an Angli- 
cism, unless also it had been no Latinism. ^f^. 
Hobbes replies, that the printer had omitted <a 
He saith, this mends the matter a little. It is 
very likely, for then it is just such another An- 
gUcism as that of Qutntiliaa : *' Cttm loriratiu in 
•t» awthmlaret, pr<riemiebat #<• id metu Jiteere.** 
kc Doctor certainly was very negligent, or else 
could not hare mis?^ this in Robert Stephen, 
haply be na>< resolveil to condemn QuiutUian 
tliis and that other Anglicism, ** Ignoraatia 
Hmdi nem potent" as all those that have used 



prwtettdo^ which are many and as eood authors as AuwinKior 
Dt. Wallis, that makes his own encomiasts (not an i..^ tii.- gMmm*- 
Englishman amongst them) to write Augllcisms. e^'in»^v*" 

Then he hiames " /"rwc/ff/fM hujns partis iertifV, """''"■" 
I// tjita vtotnit et vm^nitudo per se et ah/rtracte 
considerat'imuSj terminum hie statuo." Here I 
must confess the exception is colourable, yet 1 can 
parallel it with the like objection made by Erasmus 
agaiust Tully, out of whom Erasmus quotes this 
passage : " Diutius commorans Atkenif^ quoniant. 
veuti negahant solrentli Jfu:u/laiem, crat animua 
ad te scn'here ;" ami excuses it thus, that Tully 
might have had at first in his thoughts volebam or 
staiuehaiu, which he aftenvards relinquished for 
erat animus, and did not remember what he had 
antecedently written, which did not vary from his 
succeeding thoughts, but words. And this excuse 
may pass with any who know that Mr. llubbes 
values not the study of wonls, but as it senses to 
express his thoughts, w hich were the same whether 
he wrote r« t/ita motus et magnitudo per sr at ah- 
stracte considerati sunt or consideratimus. And 
if the Doctor will make this so capital, he must 
prove it vohttttary, and show that it is greater than ■ 
what is legible in the puny letter of his encomiast, 
whom he would have to be beyond exception. 

Now follows his ridi'culous apology for addttcis 
mai/eum, til occidas muscitm. The cause why he 
did use that proverb, of his own phrasing, was 
this. Mr. Hobbes had taken a great dud of jiatns 
to demonstrate what Dr. Wallis thought he could 
have proved in short ; upon this occasion he ob- 
jects, nddncis mallenm ul orcidax muscuM, which I 
shall sujipose he intended to English thus, you //ring 
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AnmrMief a fteeth to kill a fij. Mr. Hobbcs retorted, that 
tn^oti ^ni»K». adduco viSA not used in that sense, llie Doctor 
B^u^H^'^. vindicates hims<;lf tlius : duco, deduco, redact, 
' ' ' perduco, produco, Ike. signify the same thing-, ergo, 
adduca may be used in that sense ; whieh \a a 
most ridiculous kind of arjruinfif, where wc arc but 
to take up our language from others, and not to 
coin new phrases. It is not the graniniar tliat 
shall secure the Doctor, nor weak aiialogie.^ 
where elegance comes in contest. To justify his 
expression he must have showed it uku tritum, or 
alleged the authority of some author of great uolr 
for it, I have not the leisure to examine his im- 
pertinent citations about those other compounds, 
nor yet of that simple verb duco; nay, to justly 
his saying he hath not brought one parallel ex- 
ample. He talks indeed ver)' high, that dneox 
with its romjiounds, is a word of a loi^e significa- 
tion, and amongst the rest to bring, Jl'fffi, carrif, 
&c. is 80 exceeding frequent in all authors, Flautus, 
Terence, Tully, Casar, Tacitus, Pliny, Seneca. 
Mrgil, Horace, Ovid, Claudian, &c. that he moat 
needs be cither maliciously blind, or a very straoger 
to the Latin tongue, that doth not know it, or can 
have the face to deny it. I read, what will be my 
doom for not allovring his Latin ; yet I must pro- 
fess I dan? secure the UoctoV for having read all au- 
thors, notwithstandiug his assertion, and I hope 
vill do the like for me. And for those which 
Lth read, had he brought no better proofs than 
he had, I am sure, been whipped soandly in 
niiwter School, for his impudence as well ss 
dci», by the learned master thereof at pre- 
dai I dare further afiirm, the Doctor hath doC 



read in this poiut any, but only consulted with A"<^ir«it€.r 
Robert Stephens ihesaurus Lingua! La/in^, iwdic^nuim- 
whence he hath borrowed his allegations in orf-Liml^U.att. 
duco ; and for the other, I had not so much idle ' ' " 
time as to compare them. Aud, lest the fact might 
be discovered, he hath sophisticated those authors 
whence Stephen cites the expressions, and impose<l 
upon them others. If it be not so, or that tlie Doc- 
tor could not write it right when the copy was right 
before him, let him tell me where he did ever read 
in PInutus, ailducta res in J'axtidium. I find the 
whole sentence in Pliny's preface to Vespasian 
(otit of whom in the precedent para^aph be cites 
it) about the middle : alia vera ita multtJi prodita, 
ut in Jficfidium stfU adductu, which is the very 
example Stcphauus uscth, although he doth pre- 
mise his adducta res inJastidtHiH. Let the Doctor 
tell where he ever did read in Horace, Oca noctua^ 
&c. feedium tint adducnni. Did he, or any else, 
with the interposition of an &c. make Trochnics r 
I say, and Stephanus says so, too, that it is in 
Pliny, lib. xiii. cap. 15, near the end; the whole 
sentence runs thus : Ehriosis Ova iwc/ute per iri- 
duttm data in riuo, ieediitm ejus adducnni. I 
doubt not but these are the places be aimed at, 
although he disguised and minced the quotations ; 
if they be not, I should be glad to augment my 
Stephanus with his additions. 

These things premised, I come to consider the 
Doctor's proofs : Hes eo adducta est : adducta 
vita in extremtnn: adducta res in ^fantidium : rem 
ad mttcrone^ et manus adducere: contractures et 
adducta in augustnm : res ad concordiam adduci 
potest : in ordinem adducercm : adducere fobres^ 
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"* Jiitlm, tedium v'tni (nil in Robert Stephen) betwixt 
hgiu^nuiiii- which i\\\A adducerc malleum, what a vast diffw- 
rM.irrrn.r.ic. ence thefc is, 1 leave them to umpire qui terretet 
"" ' ' W rt'liffiottfis nacli sunt aures, who are the compe- 
tent judges of ele^ncy, and only cast in the ver- 
dict of one or two, who are in any place (where 
the purity of the l>ntin toiipie flourishetli) of p"eal 
esteem. Los(ciis, in his Scnpre LingHft; Laiin^, ^ 
purf^andam Lhp^uam a barharie^ &c. (would any 
think that the Doctor's elegant expression, frequent 
in all authors, which none l>nt the malicious or ig- 
norant can deny, should suffer so contumehous an 
expurgation?) Losjeus, 1 say, hath these words: Ad- 
Jerre plertque m'mttft nttenti ntnntxtr pro addncere. 
Quod Pfattfui, in Psettdolo^ in^igni excmjt/o nofaf. 

CA, — Altuli hiiiic. 

y'&— Qnifi attulisti ? 

CA. — ^Atliluxi volut djccre. 
FS. — QuiB ietic c«t ? 

CA. — C]tariuuE. 



Satis ii^iitir admoaet discruninis inter dttcere, 
redncere^ addncere^ et abilttcere^ qua de per- 
jioua ; et J'crre, m{ferre, &c. qH<e de re dicnntwr. 
Idem, Deittctrium^ quem ego nnvi, adduec : nrgen- 
tum noH moror quin /eras. Caccndum if^itur est 
ne vuigi more, (let the Doctor mark this, and 
know that tftis author ix (mlhcnfic amongst ikr 
Ciceronian^), adj'crre de persona, dicamus, scd 
addueere ; Iteef et hoc de ccrtis qaibusdam rebvs 
nott ifieftte dicaiur. In this last clause he saith as 
much as Mr. llobbcs saith, and what the Doctor 
proves ; hut, that ever the Doctor brought an ex- 
ample which might resemble adxUicis mallcuvh »* 
denied ; for I have meutioucd already his allcga- 
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tions, every one, of mitfaco. iVnother author, (a *•••*'«"' 
fit antaf!;ouist for the elegoiit Doctor), is the Far- -.^Omr-'imm. 
rago tordidorum feHmrum, joined with the Epi- ^,^^^.1^ 
tome of L. Valla's Elefcancieg. He saith : Accerse, ' " " 
adhuc Peirum, Laiiue dicttur, pro eo quod pueri 
dieutttj mlfer Petrum. And this may suffice to 
justify Mr. Hobb*fss exception who proceeded no 
further than this author to tell the Doctor that 
adduce was used of animals. But the Doctor re- 
plies, this signification is true, but so may the other 
be also. 1 say if it never have been used so, it 
caimut be so, fur we cannot coin new Latin words, 
no more than French or Spanish who are foreigners. 
Mr, Hobbes was upon the negative, and not to dis- 
prove the contrary opinion. If the Doctor would 
be believed, he must prove it by some example, 
(which is all the proof of elegancy), and till he do 
so, not to believe him, it is sufficient not to have 
cause. But, Doctor Wallls, why not udduco for a 
hammer as well as a tree ? I answer yes, equally 
for either, and yet for neither. Did ever anylwdy 
go about to mock his readers thus solemnly? I 
do not find, to my Isest remembrance, any example 
uf it in Stephen, and the Doctor is not wiser than 
his book ; if there be, it is strange the Doctor 
sliould omit the only pertinent example, aud trou- 
ble us with such impertinences for three or four 
pages. In Stephen there are adducere haheuiiH 
and adducere lorum, but in a different sense. It 
is not impossible I may guess at the Doctor's aim. 
Ill Tally de Nut. Dear, aa I remember, there is this 
passage : Quum autem ille respondisKct, in agro 
amhulanti ramulum udductum ut remissu^ essct, in 
oculum suum rccidisse, where it signifies nothing 
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A»w™«t.rf else but to he itent, bowed^ pulled hack, and in 
iBt ih* «»,«.«». that seiise, t/ie hammer of a clock, or that ot a 
Sl^^r;>w//A, when he fetchelh his stroke, may he swd 
■ ' ' utUiuci. Aud this, 1 conceive, the Doctor would 
Jrnve us in the close think to have been his mean' 
iup ; else, what doth he drive at in these words? 
" When you have done the best you can, you will 
not he able to find better words than adducert 
malleum and reducere, to signify the two contrary 
motions of the hammer, the one when you strike 
with it {excellenilij trivial.') the other when yoa 
take it back {heller and better). What to dof t» 
fetch another stroke. If any can believe that thii 
was his meaning, I shall justify his Latin, but must 
leave it to him to prove its sense. If he intended 
no more, why did he go about to defend the other 
meaning, atid never meddle with this ? Whidi 
yet might have been proved by this one example 
of mhie r May not, therefore, his own saying be 
justly retorted upon him in this case, Addurijt «o^i 
/emu, ut occidas mujtcam ? ^H 

Another exception is, FaUte stmt, et multa h- 
tinsmodi {proposi Hones). I wish the Doctor could 
bring so p;ood parallels, and so many, out of any 
author, for his Adducis mallenm, as Tully affords 
in tliis case. Take one for all, out of the begiiming 
of his Paradoxes: Aitiiuadrerti srepe Cafonem, 
cum in senatii sentetttiam dtceret, Locos grates 
ex PhiloJtophia tractate, abhorrentcs ab hoc mu 
J'orensi, el publico, aed direndo consef/ui tamen, ut 
ilia etiam jmpitlo probabdia ridereritnr. Tliis is 
hut a SoUccophanes, and hath many precedents 
more, as in the second book of his Academical 
Qnesfioits, &c. 




1 caunot now stav upon each particular passage; \v,ntnu or 
T do not see any necessity of truciiig the Doctor ui i.,(t i>... p.u.n.N 
all his vagaries. Now, he tlisallows tanquam dice- 'ni"'jD^!^).^^' " 
renius, as if we shoitid sat/. But why is thai less ' 
tolerable than t{nujuamj'eceria,as if you futd done? 
" It should be quasi, (forsooth !) or ac si, or tan- 
CfUajtt si, which is Tally's own word." What is 
iantjufim xi become but one word ? Tanquam si iua 
res a^atur, &c. Good Doctor, leave out TuUy and 
all Ciceronians, or you will for ever suifer for this, 
and your Adducis jnalieum. Is not this to put your- 
self on their verdict when you oppose Mr. Hobbes 
with Tally ? But the Doctor gives his reason. 
And thoiigli he hath had the lack in his Adducis 
maltcum, to follow the first part of that saying, 
Loquetidum cum vulgo, yet now it is, senttcndum 
cum sapientibus. For tanquam without si signifies 
but as, not as ij". It is pity the Doctor could not 
argue in symbols too, that so we might not under- 
stand him ; but suppose all his papers to carry 
evidence with them, because they are Tnal/ietnttti- 
cally scratched. How does he construe this : — • 

■ "PUnce tunics alto Orugorum Biiiifruine, taoquam 
Fcceria \\^s.q aliquiil, propter ijuod nobilu ewe*." 

So Coelius, one much esteemed by Cicero, who 
hath inserted his Kpistles into his works, saith, in 
his fifth Ejiistle (Tul. Epist. Fam. lib. viil. ep. 5), 
Omnia desiderantitr ah eo tanquam nihil dene^Or- 
tttm sit ei quo minus paratissr/aus esset qui publico 
vegotio propositus est. But it was not possible 
the Doctor should know t!ii.s, it not being in Ste- 
phen, where his examples for tanquam si are. 

Bui, the Doctor having pitclied upon this criti- 
cism, and ]>enned it, somebody, I believe, put him 





■■KikcpwBM-uerous rrofesxor, (who writes runniiie hand and 
n-nn«rr.T. ftr. Dcvcr traDscnbed his papers, if 1 am not mism- 
' ' formed), presumed nobody else could lie more iu- 
telligent than he, who hud perused Stepheu. He 
would uot retract anytUukg, but subjoins. "Th^ 
h(; will allow it as passable, because other modem 
writers, aiul some of the uiicients, have so usedtt, 
as Mr. Hobbes hath done." I know uot what 
authors the Doctor meant, for, if I am not much 
mistaken, [ d(] not find auy in Stepheu. His cita- 
tion of Columt!lIa is not right, (lib. v. cap. o), nor 
cau I deduce anything thence till I have read the 
passa^, but, if he take Juvenal and Coelius for 
modern authors, L hope he will admit of Accius, 
Najvius, and Carmenta, for the only ancients. 
Let him think upon this criticism, and never hope 
par(h)n for his Addtic'is ma/Jeum, which is not half 
so well justified, and yet none hut matinteu or/ooU 
reject it. 

But certainly the Doetor should not have made 
it his business to object AnglicUmSy in whose Elen- 
chus 1 doubt not but there may be found such 
phra-ses as may serve to convince him that be is an 
Englishman, however Scotlified in his principles. 
If the Doctor doubt of it, or but desire a catalogue, 
let him but signify liis mind, and he shall be fur- 
nished with a flvri/{'^iiim. But I am now come to 
the main controversy about Bmpusa. The Doctor 
saith nothing In defence of bis quibble, nor ^ves any 
rea-soii why he jumbled languages to make a silly 
clinch, which will not pass for wit either at Oxford 
or at Cambridge ; no., nor at Westminster- 
It seems he had derived Empusu from ?»■ and ftdtt. 





upon one leg: and hence it was that the boys' u.iiu^iif«iiii»* i! 

play {Fox com^ out of thy hafe) came to he called ^"l^^y'i,^. 

Kiapwia. I siijipnse he mrans Luthfx Eii/jjwife. 

This derivation be would have to be f^ood, and that 

we may know his reading, (though he hath scarce 

consulted any of the authors), he saith Mr. Hobbes 

did laugh at it, until somebody told him that it 

was in the Scholiast of Aristophanes (as good a 

critic as Mr. Hobbes), Eustathius, Erasmus, Ccclitis 

Rhodi^inus, Stephanus, Scapula, andCalepine. But 

sure he doth not think to scape so. To begin with 

the last; Calepine doth indeed say, nno incetUt pede^ 

unde et nomeu. But he is a Modems and I do not 

see why his authority should outweigh mine if his 

author's reasons do not. He refers to Krasmiis and 

Rhodiginus. Erasmus in the athige, Proteo mu- 

tahtlior hath these words of Emjiusa: y arrant 

autemuno tidert pedi — this is not to hop — uade et 

nomen imlitum putant, EfiirHtra. i,Loyii iyivoca. He 

doth not testify his approbation of the derivation at 

all, only lets you know what etymologies some have 

given before him. And doth anybody think that 

Dr. Harniar was the first which began to show his 

wit, (or folly), in etymologizing words? Ctelius 

Rhodiginus doth not own the derivation, only 

saith, Nomini^ ratio est, ut placet KustathiOt */"ia 

ano htredit pedr ;— is this to hop ? — sed nee desitni 

qui altertim interpreteutur habere teueum jyedem, 

et inde appellatam KiiipusaM ; quod in liutrachtM 

Arislvphfiuen arpressit. And then he recites the 

interpretation that Aristophanes's Scholiast doth 

give upon t}ie te\t, of which by and by. If any 

cre<lit be to be attributed to this allegation, his htst 




Slii^tS*?<b!!one le^, but because she had but one, tlie other 



being brass. Hut for the former derivation he re- 
fers to Eustalhius. 

As to Eu.'^tathius, I do easily conjecture that tlM 
reader doth believe that Hhodigiiius doth mea: 
Kustathius upon Homer, for that is the book of 
most repute and fame, his other piece being 
way considerable for bulk or repute. But it is n 
that book, nor yet his History of Ismcuias. but b 
notes upon the 725th verse of Dionysius fitiuiYmiii- 
The poet had said of the stune JaJtpis, that it was 
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Upon \vhich Kustathius thus remarks : iWu 

yap aXtVuoKoc titvi i; \i6oQ fii/rij, iiti An-ofpflrioTiCV^fffi^rwr, <X|^| 
li- in (tat 4 "EfiJTttaa, ^ftofiar rt npi riif 'Efxantv, 'irt iroBl Ictow^^ 

(1 nc uirtf fiviMTHC rroct ^taou' iu{ rov Iripu iru^oc i^oXntw <(>-roct rin^ 

riy yicear, Thls testimony doth not prove anytbin, 
of /lopping, and, as to tlie derivation, I cannot b 
say that Kustathius had too much of the gramm 
rian in hira, and this is not the tirst time, neither 
in this book, nor elsewhere, wherein he hath trifled. 
It is ol)servable out of the place, that there were 
more Empusas than one, as, indeed, the name is 
applied by several men to any kind of frightful 
phantasm. And so it is used by several authors, and 
for as much as phantasms are various, according as 
the persons affrighted have been severally educated^f 
&c. every man did impose this name upon his own^ 
apprehensions. This gave men occasion to fain 
Empusa as such --for who will believe that she was 
not apprehended as having four legs, when si 




appeared in the form of n cow, dog, J&c. — but, as A„,umn^ 
apprehended by Bacchus and his man at that time. '^S^ 
1 do not find that she annt*ared in any shape but ^'"' '""'* "^ "•• 
such as made use of legs in goiug, whence I ima- — ■ — 
gine that Empuste might be opposite to the dw 
i.rot'.c. which appellation was anciently fixed upon 
the gods, { propitioiLx) upon a two-fold account; 
first, for that they were usually effigiated as 
having no feet, which is evident from ancient 
sculpture, and secondly, for that they are all said 
not to walk, but rather swim, If T raay so express 
that non ffraditintur,setljiuunt, which is the asser- 
tion of all the commentators 1 have ever seen upon 
that verse of Virgil : — 

^K ** Et vera inccssu palull dca" ■ — 



This whole discourse may be much illustrated 
from a passage in Heliodorus, j-Ethiop. lib. iii. sec. 
1^, 13. Calasiris told Cnemon that the Gods Apollo 
and Diana did appear uuto him; Cnemon replied, 

*AXXa rim Iii '■furtru*' ifiiOKt^ tvCilil^ai aoi rout fJiovc on ^ij 
lyinrfwv ^\^ov. iXX" (Vopywc «?''»''J»o»' i UpOII tlus the old 

priest answered, that both gods and demons, wheu 
they appear to men, may be discovered by the curious 
observer, both in that they never shut their eyes, 

mi TV pctC't/iart rXcov, oii t^ara tiaitjaiv Tuif voC^y oiici fitra^iaiv 
Atvofiitia, a\\& eara riya pSfittr itfUDV, Koi bpfiijy hwapanoimv^ 
Tffiv&yTur /iaXXof ro xc^i^ut- ij ctanipivoftiytiiv, A!o cr) tai ro 
iyaXfiora rwc Bioiv \tyv-tmta, rii noii (tvytriit^tt •;«' tiartp (t«i»~ 
Tts tVomv. d in aai 'Ofirfftot (l2wc, Urt 'Aiyuirrioct «^< n)** ilpiw 
iratitvny iKiila^tid avftfiaXtKuc rote iwtfftr ivairt^fro, rote luru- 
ftifOts wrUfcu yrw^i^dv ■raroXiiruii', trt tov ■mattc^rot, to 
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'Pit tyvuy &-movTt>t' 



ohr ^oyrvt «»• rfl KOpiia, rovn yap en ri fill ixi^yrfK, kqJ ovjf *5c 




a lollrrraoi'rra- , , . _.- -i i i »» - 

ii^u»8~™matne place m vir£?)l, observes, that Deorum it- 
tamna^. aZ <^t^««u,i ^st contittuus et tequalis^ noa tiimotis pedi- 
"" ' ' buJi, neque {rausjmsHis^ "Ua *ara pt-^n)*- ai^v. Cor- 
nelius Schreveliua iu the new Leyden notes saith, 
Antiquingimu quteque Deornm simuh/chret, quod 
observarunt r'ln maf^ni, erant mis: r<^«c m-fv^'^'ifw^ 
diique ipsi Hon graiihinfur Jt/'d ftuunt. Their sta- 
tues were said to stand rather upon colamns than 
upon legs, for they seem to have been nothiuer bnt 
columns shaped out into tliis or that figure, th^ 
base whereof carrying little of the representatiou 
of a foot. These things being premised, I suppose 
it easy for the intelligent reader to find out the true 
etymology of Empttsa, quasi ir nwo-uOwi, or ^in«ra, 
from going on her feet, whereas the other god^ 
and demons had a different gait. If any can dis- 
like tliis deduction, and think Iter so named from 
<»««■«. whereas she always went upon two legs, (if 
her shape permitted it) though she might draw the 
oue after her, as a man doth a wooden leg : I say, 
if any, notwithstanding what hath been said, can 
join issue with the Doctor, my reply shall be X^m 

fiif Tavra lixovvr' h'ly, ifioi !i r&ti. ^| 

Now, as to the words of Aristojihanes upon 
which the Scholiast descants, they are these : — 
speaking of an apparition strangely shaped, some- 
times like a camel, sometimes like an ox, a beauti-_ 
ful woman, a dog, &c. Bacchus replies : 

5A. irvp't yoiiv XAfiirmu 
Srtu- TO Tpoauway, Kai «Kt\oc ^oXiTtJUf tx"- 
Al. N^ rut- (loffKCu, xcii /BoXmrat* Bnrtfiov. 

The SchoUost hereupon teUs us that Empuxi 






>it !«•• ttanc AtfrJfv /lOMirr/Oa tt»«ti| •:«» i!T/*<>X()>or-»U'' Uarti ici- '*'''" I'*'* "^ J"'" 

vsjo^&fi Til hi wit rixpiv'^ut. And this IS all tliat i3 ma- - — 
tcrial iu the Scholiast^ excej)t that he adds by and 
"by, that fio\tu,o» tm^oz is all one with the leg of un 
ass. And this very text and Scholiast is tliat to 
which all the authors he names, and more, do 
refer. 

I come now to Stephen, who, in his index, and 
in the word »(^^c«, gives the derivation of Empmta. 
IWiC**. gradior^ incedo, (not to hop) sic Sttulus 
'E;itn>iru»' dictam ait vapn nivt *d&{ci*'. In the index 
thus : xunt qui didmn puteni xo^a ri hi voi'Cur, tfuod 
uno incedat pedi, quaai 'E/nr»ffar, aUerum emm pe- 
dem a-neum habet. But neither Stephen, nor any 
else, except SnidaJt, whom the hypercritical Doctor 
had not seen, no, not the Scholiast of Aristophanes 
(a better critic than Mr. llobbcs} doth relate the 
etymology as their own. Nay, there is not one 
that saith Empusa hopped on one leg, which is to 
be proved out of them. The great Etymological 
Dictionary deriveth it rapii ro l^i^oliitty^ to hinder, iet, 
&c. its apparition being a token of ill luck. But, 
as to the Doctor's deduction, it saith, 'Eu>rt.«a Y.Xoii- 
vat, «( rti Iwi't ffupi TO tua (ri^Kuo-^av. It doth ouly Seem 
so. And it is strange that *'► should not alter only 
its aspiration, but change its v into /i, which I can 
hardly believe admittable in Greek, least there 
should be no difference betwixt its derivatives nnd 
those of ir. ^\'hen 1 consider the several /iop,A6rtt 
which the Grecians had, some whereof did fly, 
some had no legs, &c, I can think that the origin of 
this name may have been thus: some amazed person 




EXTRA 



AnKUMioT saw a specirum, and, giving another notice of it, 
iaBihognDunik. 1)18 comjrauiou miu;ht answer, it is IV/'^i I^Wf" 
!oiHTOmy,*e'"'^''*'^» ^"*^ I'f'i meeting with a new phantasm, cries, , 
-^ ' ' Ir wvtrl /3aiVit of fiaciiit, for which apprchensioii of his, 
somebody coined this expression of 'E,t*oiea. It 
may also be possibly deduced from *E/4rof.'C»i, so 
that r^n iiiraiti^ffa mi^ht afterwards be reduced to 
the single term of Empusa. Nor do 1 much doubt 
but that those who arc conversant in languages, and 
know how tliiit several expressions are often juni* 
bled together to make up one word upon such hke 
cases, will think this a probable origination. I be- 
lieve, then, that Mr. Hobbea's friend did never tell 
him it wus in Eustathius, or tliat Empusa was an 
hopping phantasm. It had two legs and went upou 
both, as a man may upon a wooden leg. "E^nmiffu 
is also a name for Lamia, and such was that which 
Menippus might have married, which, I suppfise, 
did neither hop nor go upon one leg, for he might 
have discovered it. But Mr. Hobbes did not ex- 
cept against the derivation, (although he might 
justly, derivations made afterwards carrying more 
of fancy than of truth, and the Doctor is not ex- 
cused for asserting what others barely relate, none 
approve), but asked him where that is, in what 
authors he read that hoys" play to be so called. 
To which question, the Doctor, to show his 
reading and the good authors he is conversant 
in, replies, in Jnniuft's Nomenclaior, Rider and 
T/iomn/c's Dic/ionary, sujfficienl authors iti such a 
itMsiness. which, methinks, no man should say that 
were near to so copious a library. It is to be re- 
membered that the trial now is in Westminster 
School, and amongst Ciceronians, neither whereof 
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will allow those to be sufficient authors of an v *•;"''•"'' 
Latiu wonl. Alas, they are but Vocaoutanes r<m*i>«Kr««t,„. 
and, if they bring no author for their allegation, !,^,r^"l,T, I' 
all that may be allowed them is, that, by way of ' ' ' 
allusion, our modern play may be called Ludus 
Mmpuxar. But that it is so called we must expect, 
till some author do give it the name. These are 
so pood authors, tbat I have not either of them in 
my library. But I have taken the pains to consult, 
first. Rider; I looked in him, (who was only au- 
thor of the English Dictionary) and I coidd not find 
any such thinj^. It is true, in the Latin Dictionary, 
which is joined with Rider, but made by Holy- 
oke ; (O that the Doctor woulil but mark !) in the 
index of obsolete words, there is A^coliasmus, 
Ludus Entptiso', Fax fo thrj hole, for which word, 
not signification, he quoteth Junius. The same is 
in Thomasius, who refers to Junius in like manner. 
But could the Doctor think the word obsolete, 
when the play is still in fashion r Or, doth he 
think that this play is iso ancient as to have had a 
name so long- ago, that it should now be grown 
obsolete? As for Junius's interpretation of Km- 
pusa, it is this : Empusa^ sptfcirnm, quod se in- 
J'eiicibns htgerlt, uno pede ingred'iens. Had the 
Doctor ever read him, he would have quoted him 
for his derivation of Empusa, I suppose. Tn Asco- 
liasmus, he saith, AgcoHafmtts, Empuxte Ludus,Jit 
ubi, alfero prde in aerc librato, unlco nubKUiunt 
pcde : dffn>Xiaff/j<^ Pollux; Afmanici', Hhtclfe/m ; 
Belgice, Op een been springhen ; Iliuckepi ticket, 
Eiandris. But what is it in Rnglish he doth not 
tell, although he doth so in other places often. 
What the Doctor can pick out of the Dutch I 
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know luit ; but, if that do not justify him, as I 

h«iWffN»«mJ think it doth not, he hath wronged Junius, and 
;!^,^;!*;: greatly im|K>sed upon his readers. 
* — ■ — * But, to illustrate this controversy further, I can- 
not be persuaded the Doctor ever looked into 
Junius, for, if he had, T am confident, according 
to his wonted nccurateness, he would have cited 
Pollux's Onomasticon into the bargain, for Jnnios 
refers to him, and I shall set down his words, that 
so the reader may see what Ascoliavmus was, and 
all the Doctor's authon; say Ludus Empn^tv and 
Ascoliasmus were one and the same thing. Julius 
Pollux (lib. ix. cap. 7) : 'O 3« 'A«oXiflff;iic, (old edi- 
tions read it, 'AWnXjotf^ et n«w>X*«fw) row Jripw »o^ 
aiwpo^Vw, iMTa fitivo row ^rlpa ictftav troiH ; offip AokwXmC'*'' 
uv^mCw ifrot tit fH'^'K JiiifX^arro, Q b fii^ HMtav tArmtt ii «' 
i/v(<pivyov tV* afi^Tnr ^oyri^, iwc riroc ry ^pofiity iroC-t 6 ctittmr 
^wrrj?5 rv^ity i} ca'i varriQ iTii?Mt',apcd^KivyTn rit irif^fuam' irpOf> 
int\TO yap TY irXlfSri to vusuf, 'AovuXta^fiy H imKtim rai n 
iwixtfiuy aoKy txtv ■^'c toroTXtw vyivfiant, ^Xt'iftftiru, Trany 
ikmitiyoiiy npJ riiv &\oipi)v. " So that AscoUasittUSf aud 

consequently, Ludus EmpHSte, was a certain sport 
which consisted iu hopjiin^, whether it were by 
striving who could hop furthest, or whether only 
one did pursue the rest bopping, and they fled 
before him on both legs, which game he was to 
continue till he had caught one of his fellows, or 
whether it did consist in the boys' striving who 
could hop longest. Or, lastly, whether it did con- 
sist in hoppiug upon a certain bladder, which* 
being blown up and well oiled over, was placed 
upon the ground for them to hop upon, that so 
the unctuous bladder might slip from under them 
and give them a fall." And this is all that Pollux 
holds forth. Now, of all these ways, there is none 
that hath any resemblance with our Fox to thy 
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hole ; but the second : and yet, in its description, ^" "'""^ '" 
there is no mention of beating hira with gloves, asimthfgrmuw*' 
they do now-a-days, and wherein the play consists j^wro'™. i 
as well as in hopping. It might, notwithstanding, ' 
be culled l.utUts Eittpm<t^ but not in any sort oar 
Fox to thy hole; so that the Doctor and bis 
authors are out, imposing that upon Junius and 
Pollux which they never said. And thus much 
may suffice as to this point. 1 shall only add out 
of Meursius's Lud't Grteci^ that AxcoUa were not 
Ludus Empiiso! but Bacehi^acra, and he quotes 
Aristo]»hanes's Scholiast in Plutus, 'A(rKi,;x»<i Jopni Aw- 

yum iianov ytxp Awf irXifpoi/>T(f, ^i-I iro2* rcirrov hrtTrlj^ov, iMt A 
wir^ffne iOXoy it^f rir ottw. As also HcsychiuS, Aff*«- 
Xi&ffi*', mftiwc rfl iirj roue Aff/cc^i; AAXt^^ui. 

But 1 could have told the Doctor where he 
might have read of Empusa as being the name of 
a certain sport or game, and that is, in Tumebm 
At/rersaria, lib. xxvii.cap. 33. There he speaks of 
several games mentioned by Justinian in his Cotfe^ 
at the latter end of the third book, one of which 
be takes to be named Empuau ; adding withal, 
timt the other arc games, it is indispiitahle^ only 
Empusa in lite et causa erit^ quwl uemo nobis 
J'ocile assensuritx sit Ludum esse^ cum constel 
Ujpecirnm quoddam Juitise formas^ varie vuitmix. 
Sed quid vetaf eo nomine Ludum fuisse ? Certe 
ad vestigia titiattv Scripturte fpiam proximo 
nccedit. Yet he only is satisfied in this conjec- 
ture, till somebody else shall produce a better. 
And now what shall I say ? Was not Turnebns 
as ^nod a critic, and of as great reading i\b Dr. 
Wailis, who had read over Pollux, and yet is afraid 
that nolxjdy will believe Empusa to have l>een a 
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ArrfMiTi»rt«r eame, and all he alleeeth for it is, quid vetatf 

inu ■l>•^ xnuMD*. TruW, all I sDall say, and so conclude this busine»t, 

^trT^ny. ic. i9> that he had read over an infinity of books, yet, 

" ' had not hod the happiness, which the Doctor had, 

to consult with Jutttus's Nomenclatort Tftomasius 

ami Rider x Dictionary, aulhortt sufficient in anch 

a cajte. 

I now coiue to the Doctor's last and j?reatest 
triumph, at which I caimot but stand in admira- 
tion, when I consider he hath not got the victory. 
Had the Doctor been pleased to have conversed 
with some of the fifth form iu Westminster School, 
(for he needed not to have troubled the learned 
master), he might have been better informed thau 
to have exposed himself thus. 

Mr. Hobbcs had said that Ti-y//^ signified a mark 
with a hot iron ; upon which saying the Doctor i* 
pleased to play the droll thus : " Prithee tell me, 
good Thomas, before we leave this point, (O the 
wit of a divinity doctor!) who it was told thee th«l 
■7«y/j)) was a mark with an hot iron, for it is a 
notion I never heard till now, and do not believe 
it yet. Never believe him again that told thee 
that lie, for as sure as can be, be did it to abuse 
thee; -^tyf"/ signifies a distinctive jmint in writing, 
made with a pen or quill, not a mark made with a 
hot iron, such as they brand rogues witlial ; and, 
accordingly, -ulu iiatiCu. dixtiiiguo, interstinguo, 
are often so used. It is also used of a mathema- 
tical point, or somewhat else that is very small, 
^tyfift xjw'*-. a moment, or the like. What should 
come in your cap, to make you think that vi^v^ 
signifies a mark or brand with a hot iron 9 1 per- 
ceive where the business lies j it was wy^a ran in 



your mind when you talked of Tiy/ii and, bccanse *?,"'^';^^ 
the wonls are somewhat alike, you jumbled tbeinia«iiN>«Mrauk. 
both together, accordiiifr to your usual care and „,„„r" ' 
accurate iiess, as if they had been the same." """ 

When I read this I cannot but be astonished at 
the Doctor's confidence, and applaud him who said, 
AftiOiia 3»ipc6c ^ipu. That the Doctor should never 
hear that c.y/j^ signifies a mark tcitk a hot iron, is 
a manifest argument of his ignorance. Kut, tliat 
he shonid advise Mr. Ilobbes not to believe his 
own readings, or any man's else that should tell 
him it did signify any such thing, is a piece of no- 
torions impudence. That my^it signijifs a di«- 
tinctice point in writing made with a pen or quiU^ 
(Is a pen one thing and a quill another to write 
with r) nobody denies. But, it must he withal ac- 
knowledged it signifies many things else. I know 
the Doctor is a good historian, else he should not 
presume to object the want of history to another; 
let him tell us how long ngo it is since men have 
made use of pens oi- quills in writing; for, if that 
invention be of no long standing, this signification 
must also be such, and so it could not be that from 
any allusion thereunto the mathematiciaiis used it 
for a point. Another thing I would fain know of 
this great historian, how long ago tj^w and lia^iiu 
began to signify interpinigo? For, if the mathe- 
matics were studied before the mysterj' of printing 
was found out, {as siiall be proved whenever it 
shall please the Doctor, out of his uo reading, to 
maintain the contrary), then the ntathemaiicai use 
thereof should have been named before the ^ram- 
maiical. And, if this word be translatitious, and 
that sciences were the elfect of long contemplation. 
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AN EXTRACT OF A LETTER 



*"«*««' "' the names used whereiu are borrowed from talk, 
iwibiRniniM- Mr. Hobbes did well to say, that T.y/jf) precedane- 
cM^. &" ously to that indhigible signification which it after- 
" ' ' wards had, did signify a risible mark made hy a 
hot iron, or the like. And, in this procedure, he 
did no more than any man would have done, who 
considers that all our knowledge proceeds from our 
senses ; as also that words do, primarily, si^iify 
thin;^ obvious to sense, and only sccoiitiaritif, 
sueli as men call incorporeal. This leads me to a 
further consideration of this word. Hesychius, 
(of whom it is said that he is Legentltut non tan- 
qnam Lexicograpltus, jieei tan^uam Jngfuji author), 
intcrpreta vtyfiit, t-wy^^, which is a point of a greater 
or lesser size, made with any thing. So \iCv signi- 
fies to prick or mark with anything in any manner, 
and hath no impropriated signification iu itself, 
but according; to the writer that useth it. Thus, 
in a granwuiriaH litv signifies to distinguish^ by 
pointing often ; sometimes, even in them, it h> the 
game with n/J/XfT-i sometimes it signifies to set a 
mark that something is wanting iu that place, 
which marks were called ^lypoi. In matters of 
policy, t;;'w signifies to disallow, because they used 
to put a -eiy/ij) (not riyfta ) before his name who 
was either disapproved or to be mulcted. Iu 
punishment it signifies to mark or brand, whereof 
1 cannot at present remember any uliierways than 
that of an hot iron, wliieh is most usual in authors, 
because most practised by the ancients. But, that 

^ttks and others do imprint 

,T'C(if9<H, I do not doubt, 

did to give that term 

-ft hum he says, ru vM^uira 



i 



hiCoKTO YpoAait irotKiKaiCt vat Z^tar rarrvJuv^y t'lrdm. Thus, *"'^''''*''' 

horses that were branded with Kumtn and »ar (tfwr-"'aii*ii™.n.i.o. 

1 . • J . I 1 rill - • Ucnl Mrt if the 

irarMu ana aufifoptu) were said ^iifa^rat. inus, m itSr.ui»i..r™y,*.u 
origin, ^'VM't i\ot]\ signify a brand or mark with an ' 

hot irony or the like ; and tlmt must be the proper 
i$ignification of imyti^, which is proper to tcCw, none 
but such as Dr. Wallis can donbt. In its deseend- 
ants it is no less evideatj for, from m-iyfii, comes 
ttiffmosus, which signifies to be branded ; Vitel- 
liajia cicatrice xtigmosits, not stigmatoxuft. So 
Pliny in his Epistles, as Robert Stephen cites it. 
And ffj-ty^urtoi- {the derivative of ffnyH^. which signifies 
any mark, as well as a brand, even such as remain 
after Btri|>es, being black and blue), was a nick- 
name imposed upon the grammarian Nieanor, tn 
Tttp'i imy/iwf iito\v\6yjiin. And, though wc had not any 
examples of vriyftii being used in this sense, yet, 
from thence, for any man"to argue against it, (but 
he who knows no more than Stejihen tells him) 
is madness, unless he will deny that any word halh 
ioet its right signification, and is used only, by the 
authors wc have, although neither the Doctor nor 
I have read all them, in its analogical signification. 
1 have always been of opinion, that <TT,y/jri signified 
a single point, big or little, it matters not ; and 
ffriy/ia, ^ composure (if many ; as ypu^^ij signifies a 
Une, and yp-Vv" a Utter, made of several lines. For 
vriyfui signified the owl, the s^mrena, the letter K, 
yea, whole iPords, lines, epigrams engraven in 
men's faces ; and ^nr/'il, I doubt not, had signified a 
single point, had such been \ised, and so it became 
translatitiously used by grammnrians and mathe- 
maticians. 1 could give grounds for this conjee- 




An-xtneict tufc, and Dot be so impertinent as the I>octor iu 
idg ti« gf..n.i... bis sermon, wuere be told men that «w^ was not 
Sli^i'Ii'l in Homer; that from «tP«^ came ebrius ; that 
■ ' ' sobrictaa was not bad Latin, and that aabriujt was 
once, as I remember, in TuUy. Is this to speak 
suitably to the oracles of Cod, or rather to laslt 
out into idle words ? Hath the Doctor any ground 
to think these are not impertinenceg ? Or, arc 
we, poor mortals, accountable for such idie words 
as fall from us in private dist^ourses, wliilst these 
ambassadors from heaven drofl in the pulpit with- 
out any danger of an after-reckoning ? 

But I proceed to a further survey of the Doc- 
tor's intolerable ignorance. His charge in the end 
of the school-master's rant is, that he should 
remember ar(yf,a and vny^^ are not all one. 1 com- 
]>laiued before that he hath not cited Robert Ste- 
phen aright; now T must tell him he hath been 
negligent in the reading of Henry Stephen : for ia 
him be might have found that tniyna was some- 
times all one with mr/iq, though there be no ex- 
ample in him wherein <n-tr^»r is used for «■;>;«. 
Hath not Hcsiod, (as Stephen rightly citeth it),iu 
his Senium, 160-67. 

^Iffiara ^uc Iwi^ynt "Stlif iitvoin cpwaurt 

Ktrut'ta kara rura 

ttbl ScholiasleS wnrtp ii vrtj/ml iiffiu' igavtt, tUv paxtm 
ruv !fittK6yr*ty, Karaariin-Oi yap <a! swh'Am it o^ tf. So 

Johannes Diaconns upon the place, a man who 
(if I may use the Doctor's phrase) was as good 
a critic as the Geometry Professor. 

Thus much for the Doctor. To the understanding 
reader, I say that ^'7ii>i is used for buniing with a 





hot iron: 2 Macchah, ix. II, where speakinor of *•«««« i* 
Antiocbus's lamentable death, his body putrefying im ^ kwiw- 
and breeding worms, he is said, he criyi-Mtny rvi 5ii»Dl^i„r«nJ.*M., 

ip\i^ai J(i'(i fiuvTiyi, Kara ffrij/i'jt- ixtTtirvfivo^ raic i^ytCv^t ; 

being pained as j/' he had been pricked or burned 
wilh hot irons. And that this is the meaning of 
that defiant writer, shall be made good against the 
Doctor, when he shall please to defend the ^nilf^ar 
interpretation. Pausanias, in Bivaticix, speaking 
of Epamiuoudos^ who had taken a town belonging 
to the Sieyouians, called Phoebia (*otvJ('«) wherein 
were many Bccotian fugitives, who ought, by law, 
to have been put to death, saith he dismissed them 
under other names, giving them only a brand or 

tnark : n<i\uffia ikt^y 'SjKKtitriaiv ^m-iiiai-, (»-?« fionv to iruXu 
(M ISmnrTfOt tpvjditf:, trriffi^v o^iq^i rove iyicaraXricJtBEyTUf fi\Xt}v 
ttfi'nr iv fTtfX' fi*Tfiila ('rnrofia^Hf ieaatw. It is trUC artyfi^y 

is here put adrerhiafly, but tlmt dtith not alter the 
case. Again, Zoiiara;;, in the third tome of his 
History, in the life of the Emperor Theophilus, 
saith, that when Tlieophones and another monk 
bad reproved t!ie said emperor for demolishing 
images, he took and stigmatized each of them with 
twelve inmbicit in their faces .• »iVa >.ai tui; ij'm Iivtimv 

uarnrTi£,t au ra.it ortyfiait ^iXaf irix" TpOfifutTXi it iriruvr rh 

miffiaza, rk it ^tay iti^/3o( ovrw. A place 80 evident, that 
I know not what the Doctor can reply. This place 
is just parallel to what the same author saith \n the 

life of Irene, r&t c4>uz c^fKaramilativ yftdfiiiamiitiXayoc 
tyXfQfiiwou Tok arlyftaat. If the DoCtOf objCCt tfaat hc 

is a modem author, he will never be able to ren- 
der him as inconsiderable as Adriaims Junius's 
Nomenclator, Tliomasius and Uider. If any will 



An«in««f deny ^hat he writes eood Greek, Hieronymus 

ing uwT gnumn*. Wolfiua wUl tcl! them, his only fault is wipia^okoyut^ 

™i.tT«n.„J. fc" redttndmicy in words, and not the use of had ones. 

' ' Another example of ot»7/'v used in this sense, is 

in the collections out of Diodorus Siculos, lib. 

xxxir. as they are to be found at the end of liis 

works, and a.s Photius hath transcribed them hito 

his Bibliotheea. He saith that the Romans did buy 

multitudes of servants and employ them in Sicily : 

r^pa iirJiiaWav, xai trrtjith^ tmc aiiftttmv. Ihcse are the 

words but of one author, but ought to pass for the 
judgment of two, seeing Photius, by inserting 
them, hath made them his own. 

Besides, it is the judgment of a preat master of 
the Gret^k tongue, that stigmata iton tarn puncta 
ipsa quam pwu-tis varmtam superjxciem Graci 
tocaveruttt. I need not, I suppose, name him, so 
great a criUc as tlie Doctor cannot be ignorant of 
him. 

Nor, were trriyfiara commonly, but upon extra- 
ordinary occasions, imprinted with an hot irou. 
The letters were first made by incision, then the 
blood pressed^ and the place filled up wUh ink, 
the composition whereof is to be seen in Aetiiis. 
And thus they did use to mntrictdaie soldiers also 
in the hand. Thus, did the Grecian emperor, in 
the precedent example of Zonaras. And if the 
Doctor would more, let him repair to Vinetus's 
comment upon the fifteenth Epigram of Ausonius. 

And now I conceive enough hath been said to 
vindicate Mr. Hobbes,and to show the iusufferahle 
ignorance of the puny professor, and ualcanied 



critic. If any more shall be thought necesaary, ai> «inwi or 
1 shall tnke the pains to collect more examples and iw hip irrai..™*- 
authorities, though I confess 1 had rather spend I,^"„!!t!l.^.kc. 
time otherwisf, than in matter of so little moment. ' ' 
As for some other pjissages in his book, I am no 
competent judge of symbolic stenof^raphj. The 
Doctor (Sir Reverence) might have used a cleanlier 
expression than tliat of a sh'ttten pieces when he 
censures Mr. Hobbes's bonk. 

Hitherto the letter.* By which you may see 
wftat cai/ie into my {nut square) cap to call trnypif 
a mark with a hot iron, and that they who told me 
that, did no more tell me a lie than they told you 
a lie that said the same of ariftia ; and, if ar.'yyo) be 
not right as I use it now, then call these notes not 
trvfti'fzy but arirf^afa. \ will Dot contend with you 
for a trifle. For, howsoever you call them, you 
arc like to be known by them. Sir, the calling of 
a divine hath justly t'lken from you some time that 
might have been employed in geometry. The 
study of algebra bath taken from you another part, 
for algebra and geometry are not all one; and you 
have cast away much time in practising and trust- 
ing to symbolical writings ; and for the authors 
of geometry you have read, you have not examined 
iheir demonstrations to the bottom. Therefore, 
you perhaps may be, but are not yet, a geometri- 
cian, much less a good divine. I would you had 
but so much ethics as to be civil. But you are a 
notable critic ; so fare you well, and consider 

• WriHcD by Henry Stutbe, M.A. of Christ Church. Oxfonl, 
vrliu wuH, acconling tu AiiLliuiiy » Wocxi, "tliu iii<Mt Uulud 
IwrsDUugu of hid ogu lliat llicac late limcd Uave produced.*' 




Concliuiun. 



what honour you do, either to the Uoiversity 
where you are received for professor, or to the 
University from whence yon came thither, by ycrar 
geometry ; and what honour you do to Emanuel 
Colle^ by your diviuity; and what honour yoa 
do to the degree of Doctor, with the mauner of 
your language. And take the counsel which you 
publish out of your encomiast bis letter; think me 
DO more worthy of your pains, you see how I havo 
fouled your fingers. 
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THREE PAPERS 
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TO THE RIQHT HONOURABLB AND OTHERS, THE 
LEARNED MEMBERS OF THE ROYAL SOCIETY, 
FOR THR ADVANCEMENT OP SCIENCES. 

pRBSENTETH to ijour cotLthlcrat'ton, ijour most k oh p»[»t. J 
humble serratif, Thomas I/obfjcs, (who hath xpejtt 
much time upon the same subject), two pro^wai' 
tions, whereof the one is lately published by Dr. 
Wallis, a member of your Society, and Pri^fessor 
of Geometry ; which ij' it should In-JaUc, and pasx 
for truths would be a great obstruction in the way 
to the design you have under taken. The other 
is a problem, which, if well demonstrated, will be 
a considerable advancement of geometry; and 
though it should prove false, will in no wise be 
an impediment to the growth of any other part 
of philosophy. 



D». Wallis, 
Dk Motu, Cap. V, Prtip. \. 
If there be undcrstuu)! an 
infinite row of quantitk-a t>o- 
gtnning wttli or j, and in- 
cTWisififr (.■trtitinually iiccui'ding 
10 the naturLil order of iminbern, 
0, 1, 2, 3, tkc. or oL-cording to 
iho order of their squares, as, 
0, 1,4, 9, fcc. or according to 
the order of lh«ir cubes, a«, 
0, I, 8, 27, &c. wliereof Uks 




TUUMAS UODDBB, 

llosBT. Prop. V. 
Tojiml a tlraight line e^nat to 

la^a-fil'thM of the aiC oj a 

ijaadraiil. 
I DE8CBiii£ a Equarc A B C D, 
and in it a qniulrcint I) A C. 
Suppose I) T be two-flftlis of 
I>C, llien will the quadraiitui 
arc TV lie two-fiftlw of the 
arc C A. Again let D U bt; a 
uiiiuii iiropurtitMUil bctwucii DC 
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iltrr. Inst IB giren ; tlie jirojinrLiuii uf 
tlic whol«, shall be to a row of 
as manjr, that ore equal to llic 
lost, in the first case, us I to 2 ; 
ill tlie secuiiii cudc, ae 1 to 3 ; 
in the thirtl cu^o, n» I to 4, 8co. 
This (iropoi^iiion ia the 
ground of hII hi.t di>ctrtne con- 
cerning the ccnlfM of gravity 
of ill figures. AVIierein may 
it please jon to conxider : 

Firftt, whether iJierc cnn be 
understood an infinite row of 
qunotiries, whereof tiie Last can 
be given. Secondlj, whether a 
finite quantity can be divided 
into au infinite number of lesaur 
quantities, or a finite quantity 
can cnnt^i.tt of nn tnfiiiiic num- 
ber of parts, wUicU he builJ«th 
on aji received from Cnvalliori. 
Tiiirdly, whether (which in 
consequence he nmintnineth) 
there be any quantity greater 
than infinite. Fourthly.whethcr 
there be, an hti 8alth, uny finite 
iniignicude of which th«r€ is 
no centre of gravity. Fifthly, 
whether there be any number 
infinite. For it h one thing to 
gay, that a qiiitntity may be di- 
vided perpctnatly wiihnut end, 
and another thing to say, tliat 
n quantity mny he divided into 
an infinite number of pfirtA. 
SixUdy, if all this be fnl^c, 
whether thnt whole book of 
Arif/imriira Infin'ttorum, and 
tliat definition which lie hnihl- 
oth oil, and »up|>o.«eth to be the 
doctrine of Cnvallicri, be of any 



and D T : then will the qtiad< 
rantal arc It S be a mean pro- 
portional between the arc C A 
nud the arc T V. 

Su|ipo»e further a right hue 
were given equal to tlio arc C 
A, and a quadnnlai arc ther^ 
with deaci-ibcd ; then will U C, 
C A, the arc on C A be con- 
tinually proportional. Settheae 
proportionals in order bj- tbem- 
i*elve«. 

DC, CAjtrconCATT- 
D It, U S, an: on R S Tf 
DT, T V, arc on TVrr 
which arc in continual propor- 
tion of tin soitti-diameler of 
tlie arc. And D C, D R, D T 
iirt! in u cuniinual jiroportion by 
construction, and therefore aUo 
C A, It S, T V, and arc on 
C A, arc on R R, arc on T V, 
in continual pro|iortioii. 

Therefore as D C to R S,» 
i.i R S to the arc on T V. Aod 
D C, R 8. \\w arc on T V will 
be continually proportiunnl. 
And because DC, C A, the 
arc on C A are abo continunlly 
proportional, and have the firA 
anleoedciit IJ C ronitnon; ilia 
proportion of the arc on C A lo 
the ore 00 T V b (by Eucl. 
xiv. 2S) duplicate of the pro- 
[lortion of C A to R S, and 
the arc on R !S a mean propor- 
tional between the arc on C A 
and the arc on T V. 

Now if D C' bti greater than 
R S, also It S must l)e greater 
than the arc on T V ; and tJw- 
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use for the contlrmlng or con- 
futing of any propounded doc- 
trint!, 

Iluiiilil_v praying you would 
In; plcssvd to dfclaro hereiu 
your jud-jraent, the cxmuinft- 
tioii tlnircof litiiug m eiwy, tliat 
tburu iii!(!dii III} Bkill cillitT in 
goom«try, or in the Latin 
tongue, or in the art of lo^c, 
but only of tlie <*ornm{)ii undiT- 
stftndin}; of maiikiud to guide 
your judgment by. 



Qrc C A grcnicr than tiic arc r>nt PuptFr. 
on RS. Therefore »eein); DC, 
C A, arc on C A, nre continu- 
ally prujjurtionul ; thu arc ou 
TV, ttiu arc on KS, llio arc 
on C A cannot be continually 
pi-ojiortiono], which is cuntrury 
to what has bucn dumomtlmtcd. 
Therefore D C is not gr«iler 
than R S. Suppose, then, R S 
to bn greater than D C, ibeii 
will thu arc on K S bti n inenn 
proportional hetwotn I Ins oro 
on T V, and a gruutvr arc than 
that on CA; and so tlm in- 
convenience rcturneth. There- 
fore the ecmiilinnielL-r D C is 
equid tu thu arc US, nod I>K 
equal to T V, thai is to say to 
two-fiftti»of ihu orcCA, which 
\vm to bv dunioo^ti'aletl. Noi- 
fitMMlctli lliorc niiich gciimctry 
for examining of this demon- 
ytratiun. Thurefore I submit 
them both lo your rciHiire, an 
al&o the wliotu Uosetnm, n copy 
whereof I hcivu L'uu^ed tu be 
dolivered lo the eccielary of 
your aociely. 



All Pn^. J 
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Prescnteth to your consideration, your most humble s,.r„„j |.„p„ 
servant Thomas Mubbes, a confutation of a tlieo- ' ^ ' 
rem which hath a long time passed for truths to 
the great hiuderauce of Geometry, and also of 
Natural Philosophy, which thereou dependeth. 

THE THEOREM. 

The Jour sides of a square being divided into 
any number of efjual parts, for example into 10 ; 
and straight- lines drawn through the opposite 
points, which will divide the square into 100 
lesser squares ; the received opinion, and which 
Dr. Wallis commonly useth, is, that the root of 
those 100, namely 10, ts tlie side of the wholn 
square. 

THE CONFUTATION. 

7%e root 10 m a number qf those squares, 
whereof the whole containeth 100, wheretf one 
square is an unity ; therefore the root 10, is 10 
squares : TlwriJ'ore the root qf 100 squares is 10 
squares, and not the side of any square ; because 
tfte side of a square is not a sujjerjicies, but a 

F P2 



436 



TFIBEE PAPRR6 PBESENTKD 



Tlwomw. 



iine. for as the root of 100 unities is 10 ttnil'tps, 
or of 100 soldiers 10 soldiers : so the root (f 10(1 
sfjunrcs is 10 of those sqnares. Therefore the 
theoreoi is false ; and more false, wheti the root 
is augmented hj multiplying it by other greater 
numhers. 

Hence it followetli,lhat no proposition can either 
be demonstrated or confuted from this false 
theorem. Upon which, and upon the numeration 
of infinites, is fp-ouuded r)1 tlie geometry which 
Dr Wallis hntli liitherto published. 

And your said servant humbly prayctli to have 
your judgnieut hereupon : and that if you find 
it to be false, you will be pleased to correct the 
same : and not to suffer so necessary a science as 
geometry to be stifled, to save the credit of a 
profesiior. 




TO TBB 

RIGHT UONOUKABLE AND OTllEUS. 

THE LEARNED MEili5EKS 

OF 

THE ROYAL SOCIETY, 

FOB THE ADVANCEMENT OF THE SCIENCES. 



Your most humble servant Thomas Hobbes pre- Thinmpr.. 
sentetb, that the quantity of a line calculated by 
extraction of roots is not to be truly found. And 
further presentelh to you the invention of a straight 
line equal to the are of a circle. 

A square root is a number which multiplied into 
itself produceth a number. 

DEFl.MTION. 

And the number so produced is called a square 
number. For example: Heeduse 10 multiplied by 
10 makes 100; the root is 10, and the square 
number 100. 

CONSEQUENT. 

In the natural row of numbers, as !, 2, 3, 4, 5, 
6,7, 8, 9, 10, M, 12, 13. 14, 16, 16, &c. everyone 
tfi the square of some immbcr in the same row. 
But square numbers (begiuuing at I) intermit first 
two numbei-s, tiieii fimr, then six, &c. So that 
none of the intermitted numbers is a square num- 
I ber, nor has any square root. 
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I'ROF. I. 

TTib.ir»|.w . A square root (speaking of quantity) is not a 
line, such as Euclid defines, without latltade, bat 
a rectangle. 

Suppose A B C D 
be the square, and 
AB»BC, CD, DA, 
be the sides, and 
every side divided 
into 10 equal parts, 
and lines dra^^ i . 
through the oppo- 
site points of divi- 
sion ; there will then 
be made 100 lesser 



squares, which taken altt^ether are equal to the 
sipmre A B C D. Therefore the whole square U 
1 00, whereof one square is an unit i therefore 
10 units, which is the root, is ten of the lesser 
squares, and consequently has latitude ; and there- 
fore it cannot be the side of a square, which, ac- 
cording to Euclid, is a line without latitude. 

CONSEQUENT. 

Tt follows hence, that whosoever taketh for a 
principle, that a side of n square is a mere line 
without latitude, and that the root of a square is 
such a line (as Dr. Wallis continually does) demou- 
Ktrutcs nothii)^. But if a line be divided into what 
iber of equal parts soever, so the line have 
|idlh alloned it (as all lines must, if they be 
m). and the length be to the breadth as num- 
o an unit ; the side and the roof nill be oil of 
teiiglb. 





PROP. II. 

Any number given is produced by the greatest Tbwp«r>». 
root multiplied into itself, and into the remaining 
fruotion. Let the number given be two hundred 
squEires, the greatest root is Mir squares. I say 
tliat 200 is equal to the product of 14 into itself, 
together with 14 mul- 
tiplied into ii. For 
14 multiplii^d into it- 
self makes 190. And 
14 into "if makes i', 
which is equal to 4. 
And 4 added to l»(; 
maketh 200 ; as was 
to be proved. Or 
take any other num- 
ber 8, the greatest root is 2; which multiplied into 
itself is 4, and the remainder 4 multiplied into 2, 
is 4, and both together 8. 

PROP. in. 

But the same square calculated geometrically by 
the like parts, consisteth (by Euclid ii. 4) of the 
same numeral great square 196, and of the two 
rectangles under the greatest side 14, and the re- 
mainder of the side, or (which is all one) of one 
rectangle under the greatest side, and double the 
remainder of the side ; and further of the square 
of the less segment ; which altogether make 200, 
and moreover ~ of those 200 scjuarea, as by the 
operation itself appearcth thus : 

The side of the greater segment is 14iV 

Which multiplied into itself nmkes 200. 
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Tiwftpr. The product of 14, the gmteat segmentyinto 
thetwofractioiu^sthfttt^iiito.^ (ormtDtince 
4.) is ^(that is 4); and that 4 added to IM 

ma'kes 200. ^PV 

Lastly, tLe product of -^ into iV or — into tis 
T©^. And so the same square calculated by roots 
)8 less by -sr of one of those two hundred squares, 
tbau by the true and geometrical calculation ; as 
was to be demoustratcd. 



i 



CONSEQUENT, 

It is hence manifest, that whosoever calculates 
the length of an arc or other line by the extrac- 
tion of roots, must neeessarilv make it shorter 
than the truth, unless the square have a true root. 




The /f/ttfinir of it Circle is a Mean Proporfhti ntfiiSF^ 
helwct'n the. Arc of a Quadrant ami two-jyVts 
of the saiHc. 

Describe a square A 13 C D, and \\\ it a quadrant 
DC A. In the side DC take DT two-fifths of 
D C, and between D C and D T a mean propor- 
Uoual D R, and describe the quadrautal arcs K S, 
TV. I say the arc R S is equal to the straight 
line D C. For seeing the proportion of D C to 
D T Is duplicate of the proportion of D C to D R, 
it will be also duplicate of the proportion of the 
arc C A to the arc R S, and likewise duplicate of 
the proportion of the arc R S to the arc T V. 

Suppose some other arc, less or f^reater than the 
arc R S, to be equal to D C, as for example r * : 
then the proportion of the arc r y to the straight 
line D T will be duplicate of the proportion of R S 
to T V, or D R to D T. Wliich is absurd ; because 
I) r is by construction greater or less than R. 
Therefore tlie arc R S is equal to the side D C, 
which was to be demoustrated. 



COROL. 

Hence it follows that D R is equal to two-fifths 
of the arc C A. For R S, T V, D T, being con- 
tinually proportional, and 
the arc T V being described 
by D T, the arc R S will be 
described by a straight line 
equid to T V. But R S is 
described by the straight 
line DR. Therefore D R i.^ 
equal to T V, that is to two- 
fifths of C A. 
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"TUtAt^ftt . And your said servant most humbly prayeth 
you to consider, if the demonstration be true and 
evident, whether the way of objecting against it 
by square root, used by Dr. Wallis ; and whether 
all his geometry, as being built upon it, and upon 
his supposition of an infinite number, be not false. 




Dr. Wallis says, all that is afHrnied, is but j/'c.Hid.wrMu™. 

.i ^ .1 • '!> J* n upon Uw tinwff 

we SUPPOSE /Art/, thtS iCtlijoUoW. „r nt.Wallh 10 

But it seenieth to me, tbat if the supposition be .',oiI"H.,iZr 
im|K)ssilile, then that whirli follows will either be — ' — * 
false, or at least uudemonstratcd. 

First, this proposition beiug founded upon his 
Arithmetica hifmitorum^ if there he affirm an ab- 
solute iufinitcness, he must here also be understood 
to affirm the same. But in his thirty-ninth pro- 
position he saith thus : " Seeing that the number 
of tenns increasing, the excess above sub-qua' 
i/rupie is perpetually diminixhed^ xo at laxt it 
becomes less than any proportion that can be 
axsigned; if it proceed in injinitum it must utterly 
vanish. And therefore if there be propounded an 
infinite row of quantities in triplicate proportion 
qf quantities arithmetically projmrtioncd (tluti iSy 
according to the row of cubical numbers) beginning 
from a jwinl or ; thai row shall be to a row tf 
as many, equal to the greater, as 1 to 4." It is 
therefore manifest that he affirms, that in an in- 
finite row of quantities the last is given ; and he 
knows well enough that this is but a shift. 

Secondly, he says, that iisujdly in Euclid, and 
all after him, by injinite is meaut but, more than 
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any aasignahlc Jlniie, or the greatest jiossible. I am 
V Dr.mm. b> content it be so interpreted. But then from thence 
•;; Mr. RobiHi, he must demonstrate those his conclusions, which 
he hath not yet done. And when he shall have 
done it, not only the conclusions, hut also the de- 
monstration, will be the same with mine in Cap. 
XIV. Art. 2, 3, &c. of my book De Corpore. And 
so he steals what he once condemned. A fine 
quality. 

Thirdly, he says, (by Euclid's tenth proposition, 
but he tells not of what book), that a line may 
be bisected, and the halves uf it may again be 
bisected, and so onwards infinitely ; and that upoa 
such supposed section infiuitely continued, the 
parts must be supposed infinitely many. 

I deny that ; . for Kuclid, if be says a line may 
be divisible into parts perpetually divisible, he 
means that all the divisions, and all the parts aris- 
ing from those divisions, are perpetually finite ia 
number. 

'Fourthly, he sajs, that there may be supposed a 
row of quantities iufiuitely many, and continually 
increasing, whereof the lost is given. 

It is true, a man may say, (if that be supjKising) 
that white is black : but, if supposing be thitik'tHg^ 
he cannot suppose an infinite row of quantities 
whereof the last is given. And tf he say it, he can 
demonstrate nothing from it. 

Fifthly, he says (for one absurdity begets ano- 
ther) thai a snpcrjicivs or xolid may he nupposed 
jfo constituted a-t fo he infinitely long, fmt finitely 
great, ( the breadth coutinualty derreaniiig itt 
f^i'cuicr proportion than the Icnfrth i/tcrt'ajieih)^ 
and so as to Artec no centre of' graditj. Huck it 




Toricelliox Solidum IlyperhoUcnm acutum, and CowiiimiicM 
other* innumerable, discocered by Dr. WaUis, Tiir V^^Jl 
Monsieur Fennat, and others. But, to determine '^^^^^^ 
this, requires more of geometry and logic, (tcUat- 
soerer it do <^ the Latin tongue), tlmn Mr. Hobbes 
is master of. 

I do not remember this of Toricellio, and 1 
doubt Dr. Wallis docs him wroug and Monsieur 
Fertnat too. For, to understand this for sense, it 
is not required that a man should he a gcoraetri- 
cinn or a logician, but that be should be mad. 

In the next place, he puts to me a question as 
absurd as his answers are to mine. Let him ask 
himself, snitb he, if he be still of opinion, thai 
there is no arf(umetit in natural philosophy to 
prove that the world had a beginning. First, 
whether, in cose it had no beginning, there must 
not have passed an infinite number of years before 
Mr. Hobbes was born. Secondly, whether, at this 
time, there have not passed more, that is, more 
than that infinite number. Thirdly, whether, in 
that infinite (or more than infinite) number of 
years, there have not been a greater number of 
days and hours, and of which, hitherto, the last is 
given. Fourthly, whether, if this be an absurdity, 
we have not then, {contrary to what Mr. Hobbes 
would persuade us), an argument in nature to prove 
the world had a beginning. 

To this I answer, not willingly, but in service to 
the truth, that, by the same argument, he might as 
well prove that (Jod had a beginning. Thus, in 
case he had not, there must have passed an infinite 
length of time before Mr. Ilohbes was born ; but 
i there hath passed at this day more than that infi- 




[^^^^^nite length, by eighty-four years. And this day, 
of Dr. Wniii, to which is the last, is given. If this be an absurdity, 
■>i M.. H..(.bc.fc have we not then an argument in nature to proi^ 
that God liad a begiuniiig • Thus it is when men 
entangle themselves in a dispute of that which they 
cannot comprehend. But, perhaps, be looks for a 
solution of his argument to prove that there is 
somewhat greater than intinite ; which I shall do 
so far as to show it is not concluding. If from 
this day backwanls to eternity be more than infi- 
nite, and from Mr. Ilobbes his birth backwards to 
the same eternity be infinite, then take away from 
this day backwards to the time of Adam, which is 
more than from this day to Mr. Hobbes his birth, 
then that which remains backwards must be less 
than infinite. All this arguing of infinites is 
the ambition of school-boys. 

TO THE LATTER PART OF THE FIRST PAPER. 

There is no doubt if we g^ve what proportion 
we will of the radius to the arc, but that the arc 
upon that arc will have the same proportion. Bat i 
tliat is uothiug to my demonstration. He knows 
it, and wrongs the Royal Society in presuming they 
cannot find the impertinence of it. 

My proof is this : that if the arc on T V, and the 

arc U S, and tlie straight line C D, be not equal, 

then the arc on T V, the arc on R S, and the arc on 

CA, cannot be proportional ; which is manifest by 

supuosine in D C a less than the said D C, but 

another straight line, less than 

•re on T V ; and anybody m&v 

f. 

1 by some tlmt think them- 




selves logicians* why I proceeded upon r rather ^^^^^^^^ 
than any other part of the radius. Tlie reason I <* '^JJ^'"" *" 
had for it was, tliat, long ago, some Arabians had <>< Mr. r»i.i-^ 
determined, that a straight line, whose square is 
equal to 10 s<iuares of half the radius, is equal to a 
quarter of the perimeter; but their demonstra- 
tions are lost. From that equality it follows, that 
the tliird proportional to the quadrant and radius, 
must be a mean proportional between the radius 
and -^ of the same. But, my answer to the logi- 
cians was, that, though I took any part of the 
radius to proceed on, and lighted on the truth by 
chance, the truth itself would appear by the ab- 
surdity arising from the denial of it. And this is 
it that Aristotle means, where he distinguishes be- 
tween a direct demonstration and a demonstration 
leading to an absurdity. Hence it appears that 
Dr. Wallts's objections to my Rosetum are invalid 
as built upon roots. 



TO THE SECOND PAPER. 

First, he says that it concerns him no more 
than other men, which is true. I meant it against 
the whole herd of them who apply their algebra 
to geometry. Secondly, he says that a bare num- 
ber cannot be the side of a square figure. I would 
know what he means by a bare number. Ten 
lines may be the side of a square figure. Is there 
any number so bare, as by it we are not to con- 
ceive or considt^r anything numbered ? Or, by 10 
nothings understands he bare 10? He struggles in 
vain, his conscience puzzles him. Thirdly, he says 
10 squares is the root of 100 square squares. To 
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c™«.i.T.iiom winch I answer, first, that there is no such ficurc 
ot lit. waih. i« as ji square square. Secondly, that it follows 
<.f'MrTit-i.i''«" hence, that a root is a superficies, for such is 10 
' squares. Uustty, he says that, neither the number 
10, nor 10 soldiers, is the root of 100 soldiers; 
because lOU soldiers is not the product of tO 
soldiers into 10 soldiers. This last I grant, be- 
cause nothing but numbi/rs can be multiplied into 
one another. A soldier cannot be multiplied by 
a soldier. But no more can a square fig:ure by a 
square figure, though n square number may. 
Again, if a captain will place his 100 men in a 
square form, must be not take the root of 100 to 
make a rank or file ? And are not those 10 men ? 



TO THE THIRD PAPER. 



He objects notliiiip; here, but that tfte side of a 
sqiinrc Is not a xupcrficieSy but a H/ir, and that a 
square roof (jtpett^hig ofquaufifr/) h not a i'tue, 
but a rectangle^ is a contradiction. Tlic reader is 
to judge of that. 

To liis scoffiugs I say no more, but that they 
may be retorted in the same words, and are there- 
fore childish. 

And now I submit the whole to the Uoynl 
Society, with confitltuK^e that they will never en- 
gage tliemselves in the maintenance of these imin- 
telligible doctrines of Dr. Wallis, that tend to the 
suppression of the sciences which they endeavour 
to advance. 
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a letteb from mr. hobbs to my mb.^ 

Honorable Sir, 
Though I may goe whither and when I will for 
anie necessity you have of my service, yet there is 
a necessity of good manners that obliges me as yo' 
servant to lett you knowe att all times where to 
find me. Wee goe out of Paris 3 wcckcs hence, 
or sooner, towards Venice, but by what way I 
kuowcnot, because the ordinary high way through 
the territory of Milan is encumbered with the 
warre betweene tlie French and the Spaniards. 
Howsoever, wee have to be there in October next. 
If you require anie sen'ice that I can doe there, 
it may please you to convey your command by 
Devonshire house. But if you command me no- 
thing, I have forbidden my letters to look for 
answer: their busines being only to iuforme and 
to lett yon knowe that the image of your noblencs 
decayes not in my memory, but abides fresh to 
keepe me eternally Your 

TbO. IIOBBS. 



ly^tcr 1, 



' lliis letter is Xo be found tn 
t]ie Bntisti Kliiseiiiu, ainoii^l lite 
Ijiiwilfiwnr MSS. S:*, ctiltlktl "« 
cdtkclinn of l«tl»ra to and from 
jierMvuKof emiuenceintLc reigns of 
Elizabeth. James I, aud Cbarlcs I. 
itiRclc by some iH?Tson in the service 
of .Sir Gerraa Clifton". Ti isnilli- 




out (lAte: hut the allnsion to the 
Mur Lctwiren l-'nince nnd SpNiii,aiid 
tht^ pnwMge in llicrn « j iin.HiinBEs, 
" Anmi »«ii|U(>nte qui erai Cbrisii 
1029, rogstus » Dobiliaiimo riio 
dumiiici tirPuiv CIiIUpii", ftc, (p. 
xii), stow that it must bavc brcn 
written in either IrtSDor I&10. 

G ti< 
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>-"wn. TO A FRIEND IN RNGLAND, 

Worthy Sir, 

I HAVE betMi behind hand wilh you a long time 
for a letter I received of yours at Augers, that 
place affording- nothing wherewith to pay a debt 
of that kind, till matter of news being sooner 
known in England than here : and the news you 
writ me was of timt kind^ that none from England 
could be more welcome, because it coucerned the 
honour of Wclbeck and Clifton, two houses in 
nliifh I am very much obliged. 

Monsieur having given the slip to the Spaniards 
at Bruxelles, came to the King about ten days ago 
at St. Germains, where he was received with great 
joy. The next day the Cardinal entertained him 
nt Ruelle: and the day after that he went to 
Limours, where he is now, and from thence he 
goes away shortly to Bloys, to stay there this 
wiuter. The Cardinal of Lyons is going to Rome 
to treat about the annulling of Monsieur's mar- 
riage, which is here by Parliament declared void, 
but yet they require the sentence of the Pope. 
There goes somebody tliither ou the part of his 
wife, to get the marriage approved : but who that 
is, I know not. The Swedish party in Germany is 
in low estate, but the French prei>are a great army 
for those parts, pretending to defend the places 
which the Swedes have put into the King of 
France his protection, whereof Philipsbourgh is 
one; a place of importance for the Lower Palati- 
nate. This is all the French news. 

For your question, why a vtan remembers less 



p 



IS ofcn fuce, which he sees open in a glass, thau 10am it 
thej'ave <if afrieml that he hax not seen trf a great 
timt'j my opinion in general Ls, that a man remem- 
bers best those faces whereof he has had the 
greatest impressions, and that the impressions are 
the greater fur the ofteiier seeing them, and the 
longer staying upon the sight of them. Now you 
know men look upon their own faces but for short 
fits, hut upon their friends' faces long time to- 
gether, whilst they discourse or converse together ; 
so that a man may receive a greater impression 
from his friend's face in a day, thau from his own 
in a year ; and according to this impression, the 
image will be fresher in his mind. Besides, the 
sight of cue's friend's face two hours together^ is 
of greater force to imprint the image of it, than 
the same (juantity of time by intermissions. For 
the hitermissions do easily deface that which is 
but lightly imprinted. In general, I think that 
lastcth longer in the memory which hath been 
stronglier received by the sense. 

This is my opinion of the question you j)ro- 
pouniled in your letter. Other new truths I have 
none, at least they appear not new to me. There- 
fore if this resolution of your first question seems 
probable, you may propound another, whereiu I 
will endeavour to satisfy you, ns also in any thing 
of any other nature you shall eommnud me, to my 
utmost power ; taking it for an huuuur to be es- 
teemed by you, as I am in effect, 

SYour humble and faithful servant 
TUO. HOBBES. 
Paris, Oet.-^, 1634. 
My Lord Fielding and his Lady came to Paris 
ou Saturday night last. 
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III. 
LtUcrlM. TO MY WORTIIT FRIEND MR. GLBNJ 

Worthy Sir, 

I RECEIVED here in Florence, two days since, a 
letter from you of the 19tb of January. It was 
long by the way ; but when it came it did tho- 
roDghLy recompeuce that delay. For it was worth 
all the pacquets 1 had received n great while to- 
gether. All that passeth in these part:> is equally 
news, and therefore no news ; else I would labour 
to requite your letter iu that point, though in the 
liandsome setting down, of it, I should stlU be your 
inferior. 

I long infinitely to see those books of the Sab- 
baoth', and am of your mind they will put such 
thoughts into the heads of vulgar people, as will 
confer little to their good life. For when they see 
one of the ten commandments to he Jus humannm 
merely, (as it must be if the Church can alter it], 
they will hope also that the other nine may be so 
too. For every man hitherto did believe that the 
t«n commandments were the moral, that is^ the 
eternal law. 

I desire also to see Selden's Mare Clansumy 
having already a great opinion of it. 

You may perhaps, by some that go to Paris, 
send me those of the Sabbaoth, for the other 
being in Latin, ! doubt not to find it in the Rue 
St. Jaques. 



• ProtmMy fici>rgt' GIrn,«'lio was 
ituuDed Ftclwnd (»r VVorvettei la 
IfWO, ind dinl ID 1060. 



* Ibo HUtoTT of tbe Sabbath. 
In two books. By Peur lleylyn. 

410. 163fi. 



We are now come liilher from Rome, and hope 
to be in Paris by the end of June. I thank you 
for your letter, and desire you to believe that 1 
can never grow strange to one, the goodness of 
■whose acquaintance 1 have found by so much ex- 
perience. But 1 have to write to so many, that I 
write to you seldomer than I desire ; which I pray 
pardon, and esteem me 

Your most affectionate friend 

and humble servant 

TUO. HOBBES. 
Florenee, Apr. ^1636. 

My Lord and Mr. Nichulls, and all our com- 
pany commend them to you. 



I pardi 



IV. 



LETTER TO SIR CHARLES CAVENDISH.' 



r Honorable Sir, 

The last weeke I had the honor to reccave two 
letters from you at once, one of the 30 of Dec, 
the other of the Z"" of Jan., w'** I acknowledged, 
but could not answer in my last. In the first you 
begin with a difficulty on the jirinciple of Mons"" 
de Cartes, t/iai it is all one to move a weight two 
tpaceSy or the double of that waight one space, 
and so on in other proportions : to w**" you object 
the diflFerence of swiftuesse, w'^ is greater when a 
waiglit is moved two spaces then when double 
waight is moved one space. Certenly de Cartes 
bis meaning was by force the same that mine. 



Hartetan MS. fl7!>S. 
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I.M1M IV. namt^ly, a maltiplicntinn of the weight of a body 
in to the swiftiiesse wherew*** it is moved. So that 
when I move a pound two foote a the rate of a 
mile BU howrc, I do the same as if of 2 pounder 1 
moved one pound a foote at y' rate of a mile an 
hower, the other pound another foote at the same 
rate, not in direetu, but *,,'<■ 
parallel! to the first pound. 
As if the wnyt A B were " 
movetl to CD at the rate 
of a mile an howre, 'tis all « 
one as if the waight AE were moved to FH at 
the same rate. Here is all the difference: this 
swiftncssc or rate of a mile an howre is, in 
the first case, layd out in the 2 spaces AG, GC, 
the latter, in the 2 spaces AG, EG. The first 
ease, aa like as if a footman should nin w"" double 
swiftnesse endwayeSiW** is y" doubling of swiftnesse 
in one man : in the other, it is as if you doubled 
the swiftnesse by doubling the man i for every 
man has his owne swiftnesse. And so AH is the 
swiftnesse AG doubled, as well as AI>. For that, 
that Mons' dc Cartes will not have just twice 
the force requisite to move the same "weight twice 
as fast, I can say nothing. The papers I have 
of his touching that are in my trunk, w*'' hath 
bene taken by Duukerkers, and taken againe from 
them by French, and at length recovered by frends 
1 made : but I shall not have it yet this fortnight. 
In the menne time I am not in that opinion, but 
do assure myself, the patient being the same, 
double force in the agent shall worke upon it 
double effect . 

In the same letter yon require a better expli- 
cation of y* proportion I gather betweene wayght 



and swifVnesse: wherein, because you have not my L««trriv. 

figijre, I imiigine you have mistaken me very inucb. ' ' 

And first, you thinkc, I sup- a 

pose, DE equall to AB: w*"* 

I am sure is n mistake. For I 

put AB for any line you tviU 

to exprcsse a mtniUii secundum. 

1 will, therefore, po over agaiuc 

the demonstration I sent you 

before, nud see if I can do it 

cleerer. 

K r 

Let AB stand for the time 
knowne wherein the waight D desccndeth to E. 
And let there bee a cylinder of the same matter 
the waight D oonsisteth of, and let the altitiide of 
that cylinder be DC: w"^** I shew before was the 
swiftnesse wheiew"" that cylinder presxeth^ not 
wherew^^ hXfalUtk. And wee are now to enquire 
how farre such matter as the cylinder Is made of 
must descend from D, before it attayne a swift- 
nesse eqtiall to this pressing swiftnesse DC. And 
I say it must fall to L. For in the time A B it is 
knowne that the waight in D wilt fall to E : and 
it is demonstrated by Gallileo, that when such 
waight comes to E, it shall be able to go twice 
the space it hath fallen in the same lime. There- 
fore the waight D beiug in E, hath velocity to 
carry him the space DK (w*^'' I put double to DE) 
in the same time AB. But 1 put BF equall to 
DK. Therefore, in the time AB, the waight's 
velocity acquired iu E shall be such as to go from 
B to F without decrease of velocity by the way. 
Hence I go on to findc in what |Mjint the waight 
L iu D comes to where it getteth a velocity equall to 
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LrttCTiv. CD. Therefore, I npply DC to GH, parallel to 
■ B F : and then it is, as the time A B to the time 
AG, so the velocity acquired at the end of the time 
A B to the velocity acquired at the eud of the time 
AG. For the swiftnesse acquired from time to 
time (I say, not from place to place, but from time 
to time) arc proportionable to the times wherein 
they are acquired : w^"" is the postulate on n** 
Galileo builds all his doctrine. And as A B to 
AG, so the line BF to the line GH. But, at the 
eud of the time A B, the waight D is by suppo- 
sition in E, in that degree of velocity as to go BF 
or DK in the same time AB. The question there- 
fore is, where the waight D shall be at the end of 
the time AG. For there it hath the velocity of 
going GH or DC in the same time, because the 
velocity GH is to the velocity BF as the line GH 
to the line BF, or as the time of descent AG to 
the time AB. But, because the spaces of the de- 
scent are iu double the proportion of the times of 
descent, make it as BF to GH, that is, DK to DC, 
so DC to another, DL. The velocity, therefore, 
acquired in the point of descent E? namely the 
velocity DK or BF, is to the velocity acquire<l in 
the point L, namely, the velocity Gil or DC, (w** 
is the velocity of the cylinder's waight), as DK to 
DIj. And therefore in L the waight D has ac- 
quired a velocity equal to the velocity of the waight 
of the cylinder. 

In the same letter you desire to knowe, howailj 
mediu, as water, retardeth the motion of a stom 
that falls into it. To w** I answer out of that you 
say afterwards, that nothing can hinder motion but 
contrary motion : that the motion of the water, 
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when a stone falls into it, is point blanke contrary 
to the motion of the stone. For the stone by de- 
scent causeth so mach water to ascend as the big- 
nesse of the stone comes to. For imagine so much 
water taken out of the place w'"* the stone occu- 
pies, and layd upon the superficies of the water : It 
presseth downeward as the stone does, and maketh 
the water that is below to rise upwards, and this 
rising upwards is contrary to the descent, and is 
DO other operation than we see in scales, when 
of two equal bullets in magnitude that w*** is of 
heavier metal maketh the other to rise. And thus 
farre goes your letter of Dec. 30. 

For the first qujere iu your second letter, con- 
cerning how we see in the time the lucide body 
contracts itsclfe, 1 have no other solution but that 
w**" your selfe hath given : w*** is, that the recipro- 
cation is so quicke, that the effect of the first mo- 
tion lastcth till the next comes, and longer. For 
by experience we observe that the end of a fire- 
brand swiftely moved about in circle, maketh a cir- 
cle of fire : w'^'' could not be, if the impression made 
at the beginning of the circulation did not last till 
the end of it. For if the same firebrand be moved 
slower, there will appear but a peece of a circle, 
bigger or lesser according to the swiftuesse or slow- 
nesse of y"^ motion. For the cause of such reci- 
procation, it is hard to guess what it is. It may 
well be the reaction of the medium. For though 
the media yeld, yet it resisteth to : for there can 
be no passion w'^out reaction. And if a man could 
make an hypothesis to salve that contraction of y" 
sun, yet such is the nature of naturall thinges, as a 
cause may be againe demanded of such hypothesis: 
and never should one come to an end w^ut as- 
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i^n^tv- siguinff the immediate band of God. Whereas iu 
mathematical! sciences wee come at last to a defi- 
nition, w*'' is a b<'g;inuing or principle, made true 
by pact and consent amongst ourselves. Further, 
you conceave a difficulty how the medium can be 
continually driven on, if there he such an alternate 
coutractiou. To w*"*", first I answer, that the mo- 
tion forward is pro])agati!d to the utmost distance 
in nn instant, and the first pusli is therefore enough, 
and in another instant is made the returne back in 
y* like manner. And though it were not done in 
au instant, yet we see by experience in rivers, as 
in y'^ Thames, that the tide goes upward towards 
Ijtiudon ])ushed by the water helnw, and yet at the 
same instant the water below is going backe to the 
sea. For seeing it is high-water at Blackwall be- 
fore 'tis so at Greenwich, the water goes backe 
from Blackwall when it goes on at Greenwich. 
And so it would happen, though Blackwall and 
Greenwich were nerer together then that any quan- 
tity given could come betwcene. 

In my letter from London, speaking of the re- 
fraction of a bullet, I tlunke I dflivered my opinion 
to be, that a bullet falling out of a thinner medium 
into a thicker, looselh in the entring nothing but 
motion perpendicular : but being entred, he looseth 
proportiouably both of one and the other. For 
suppose a bullet, whose diameter is AB, be iu the 

thiner media, and enter at C , . 

into the thicker medium. The 
thicker medium, at the first 
touch of B in the point C, work* 
eth nothing upon the hue AB. 
And when the diameter AB 
is entred, sujipose halfc way, 
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yet the thicker medium operates laterally but on 
one hftlfe of it. So that in the sorarac there is a 
losse of velocity perpendicular (to the quantity that 
the diameter AB requires) without any oflFeuce to 
the motion laterall, but so much of the diameter 
as is within the thinker medifi is retarded tmtli 
wayes, and loosea of bis absohite motion, w'"'' is 
compounded of perpendicular and laterall, and that 
proportionally. Suppose now that a bullet passe 
from A to D, and receave a peculiar losse of his 
perpendicular motion by eiitring at I), ro great 
that he proceed in the per petal ten lar but halfe so 
farre, as for example firom D to I : and then being 
in, the thicknesse of the medium take away more 
of his velocity both perpendicular and laterally sup- 
pose halfc that w"** was left of the perpendicular 
motion and halfe of his first laterall motion, so that 
the perpendicular motion is but DK, and the late- 
rall motion DE. Then will the line of refraction 
be DG. As for that argumentation of Des Cartes, 
it is, in my opinion, as I have heretofore endea- 
vored to shew you, a mere paralogism. 

Lastly, you make this quiere, why light hath not 
at severall inclinations several] swiftnesses as well 
as a bullet. The bullet itself passeth through the 
severall media : whereas in the motion of light, the 
body moved, w'"" is the mediu, entreth not into the 
other medium, but thrusteth it on : and so the 
parts of that medium thrust on one another, 
whereby the laterall motion of tlie thicker medium 
hath nothing to worke upon, because nothing 
enters, but stoppes onely and retardes, in oblique 
incidence, that end w'*" comes first to it, and 
thereby causes a refraction the contrary way to 
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^^"'Mv- that of a bullet, in such manner as I set forth to 
you iu one of my letters from hence concerning 
the cause of refraction. And this is all I can say 
for the present to the quaeres of y"" two last letters. 
I have enquired concerning perspectives after 
the manner of Dc Cartes. Mydorgius tells me 
there is none that goes about them, as a thin^ too 
hard to do. And I believe it. For here is one 
Mons' de Bosne in tovfne, that dwells at Bloys, ao 
excellent workman, l)nt by profession a luwier, and 
is counsellor of Bloys, and a better philosopher in 
my opinion then De Cartes, and not inferior to him 
in the aualytiques. 1 have bis acquaintance by 
Pere Mersenue. He tells me he hath tryed De 
Cartes his way, but cannot do it : and now be 
workes upon a crooked line of his owue invention. 
He sayes he shall have made one w^'in a moneth 
after he shall retume to Bloys : after that he will 
see what he can discover in the heavens himselfe, 
and then if he discover any new thing he will let 
his way be publique together w*** Uie effects. This 
is all tlie hope I can give you yet. So w* my 
prayers to God to keepe you in prosperity this 
troublesome time, I rest 

Your most humble and obedient servant 



Th. Hobbbs. 



Paru, Feb. 8, ttile no. I64I. 

To tlic! Right IIi)iiuru1)lo 

Sr CltAKLK!) CAVKNDTSSnK 

present these 
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The young woman at Over-Hadclou hath been 
visited by divers persons of this house. My Lord 
himself hunting the hare one day at the Town's 
end, with other gentlemen and some of liis ser- 
vants, went to see her on puri»ose : and they all 
agree with the relation you say was made to yoiu- 
self. They fnrtlier say on their own knowledge, 
that part of her Belly touches her Back-bone. She 
began (as her Mother says) to loose her appetite 
in December last, and had lust it quite in March 
following : insomuch as that since that time she 
has not eaten nor drunk any thing at all, but only 
wetts her lips with a feather dipt in water. They 
were told also that her gutts (she alwayes keeps 
her bed) lye out by her at her fundament shrunken. 
Some of the neighbouring ministers visit her often : 
others that see her for curiosity give her raony» 
sixpence or a shilling, which she refuseth, and her 
mother takcth. But it does not appear they gain 
by it so much as to breed a suspition of a cheat. 
The woman is manifestly sick, and 'lis thought she 
cannot last raiich longer. Her talk (as the gentle- 
woman that went from this house told me) is most 
heavenly. To know the certainty, there bee many 
things necessary which cannot hor?stly be pryed 
into by a man. First, whether her gutts (as 'tis 
said) lye out. Secondly, whether any excrement 
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way, 



none 



though in small quantity, yet it argues food pra- 
portioiiablf, which may, being little, bee given her 
secretly and pass tlirough the shrunken intestine, 
which may easily be kept clean. Thirdly, whether 
no urine at all pass : for liquors also nourish as 
they {^o. I think it were somewhat inhumane to 
examiu these thiugs too nearly, when it so little 
coneerneth the commonwealtli : nor do I know of 
any law that authoriseth a Justice of peace, or 
other subject, to restrain the liberty of a sick 
person so farr as were needful for a discovery of 
this nature. I cannot therefore deliver any judg- 
ment in the case. The examining whether such a 
thing OS this bee a miracle, belongs 1 think to the 
Church. Uesides, I myself in a sickness have been 
without oU manner of sustenance for more than 
six weeks together : which is enough to make meai 
think that six months would uot have made tt a 
miracle. Nor do I much wonder that a young 
woman of clear memor}', hourely ex]>ecting death, 
should bee more devout then at other times. 'Twos 
ray own case. That which I wonder at most, is 
how her piety without instruction should bee so 
eloquent as 'tis reported. 

Tho. llounKS. 



Chaituiorth, Oct. 20. Gtj. 
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letter to mr. oldkxburg.' 

Worthy S* 
In the last Transactions for September and Oc- 
tober I find a letter addressed to you from D*" 
Wallis, in answer to my lux mathematica. I 
pray you tell me that are my old actiuaintance, 
whetlier it be (his words and characters supposed 
to be interpreted) intelligible. I know very well 
you understand sense both in Latine, Greeke, and 
many other languages. He shows you no ill con- 
sequence in any of my arguments. \\'hereas I say 
there is no proportion of ittfiiiite to Jinife. He 
answers, he meant indefinite; but derives not his 
conclusion from any other notion than simply in- 
Ji/ti/e. I said the root of a square number cnnnot 
be the length of the side of a square figure, be- 
cause a root is part of a square number, but length 
is no part of a square figure. To which he an- 
swers nothing. In like manner, he shuffles off all 
my other objections, though he know well enough 
that whatsoever he has written in Geometry 
(except what he has taken from me and others) 
dcpendcth on the truth of my objections. I per- 
ceive by many of his former writings that I have 
reformed him somewhat as to the Principles of 
Geometry, though he thauke me not. He shuffles 
and struggles in vaiae, he has the hooke in his 
guills, I will give him line enough : for (which 1 
pray you tell him) I will no more teach him by 
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r*.itarvi. replying to auy thing he shall hereafter write, 
whatsoever they shall say that are confident of his 
Geometry. Qui voJunt decipi, declpiuntur. He 
tells you that I bring but cramhe s<epe. carta. For 
which I have a juat excuse, and all men do the 
Rame ; they repeat the same words often when 
they talk with them that cannot heare. 

I desire also this reasonable favour from you: 
that, if hereafter I shall send you any paper tend- 
ing to the advancement of physiques or mathe- 
matiques, and not too lone, you will cause it to be 
printed by him that is printer to the Society, as 
you have done often for D' Wallis: it wiU save uie 
some charges. 

I am, S*, 
Your affectiouate freud and humble seruaut 



Thomab Hobbes. 



November the 2Gtlu 1672. 



iTor my worthy and much honoured 
frcnd M' IIksrt Oi.oRSBirHon, 
Secretary to the Itoynl Sociotjr. 
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VII. 

TO Tilt. HJiiiiT iiaNiiimtii.i: 
THE MARQUIS OP NEWCASTLE.' 

The passions of man's mind, except onely one, 
may bee observed all in other living creatures. 
They have desires of all sorts, love, hatred, feare, 
hope, anger, pitie, ^emulation, and y'= like : oncIy 
of curiositie, which is y* desire to know y" causes 
of thinges, I never saw sigue iu any other living 
creature but in man. And where it is in man, I 
find alwaics a defalcation or abatement for it of 
another passion, which in beastes is commonly 
preedominant, namely, a ravenous qualitie, which 
in man is called avarice. The desire of know- 
ledge and desire of needlesse riches are incom- 
patible, and destructive one of another. And 
therefore as in the cognitive faculties reason, so 
iu the motive curiositie, are the markes that part 
y* bounds of man's nature from that of beastes. 
Which makes mee, when I hearc a man, upon the 
discovery of any new and ingenious knowledge or 
invention, askc gravely, that is to say, scomcfully, 
tchat 'tis good for ^ meaning what monie it will 
bring iu, (when he knows as little, to one that 
hntb sufficient what that overplus of monie is 
good for), to esteeme that man not sufficiently re- 



Ko. Vll. 
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«"■ vii. moved from brutalitie. Which 1 thought fit to 
say by way of anticipation to y* grave sconiers of 
])hilosophie, and that your lordship, after haviog 
jierforined so noble and honourable acts for de-' 
fence of your couatrie, may thiiike it no dishonour 
in this unfortunate leasure to have employed some 
thodgltts in the speculation of the noblest of the 
senses, vishit. 

That which I have written of it is grounded 
especially upon that w*^ about 16 yeares since I 
affirmed to your Lo'*'' at Well>eck, that light is a 
fancy in theminde, caused by motion in the braine, 
which motion againo is caused by the motion of y* 
parts of sucli bodies as we call lacitl : such as are the 
sunne and y" fixed stars, and such as here on earth 
is fire. By putting you in mind hereof, I doe in- 
deed call you to witne«se of it: because, the same 
doctrine having since been published by another, 
T might bee challenged for building on another 
mans ground. Yett philoso]ihical ground I take 
to be of such a nature, that any man may build 
upon it that will, especially if the owner himselfe 
will nott. But upon this ground, with the helps 
of some other speculations drawne from the na- 
ture of motion and action, I have, I thinke^ de- 
rived y* reason of all the phsenomeua I have mett 
with concerning light and vision, both solidly 
enough nott to be confuted, and withull eusilie 
enough to be understood by such as can give that 
attention thereto which the figures, whereby such 
motion as causcth vision is described, do require. 
All that I shall bee ever able to adde to it, is polji^h- 
ing : for, being the first draught, it could nott bee 
so perfect as I hope hereafter to make it in Lotiu. 




LETTERS AND OTHER P!ECKS. 



469 



Butt as it is, it will sufficiently give your Lo" satis- 
faction in those qtmres you were pleased to make 
conccrniDg this subject. 1 am content that it 
pa^se, in respect of some drosse that yett cleaves 
to it, for ore: w*^** is much better than old ends 
raked out of the kennell of sophisters' bookes. 
And for such I commend it to your Lop, and myselfe 
to your accustomed good opinion : which hath 
beene hitherto so grcate honour to mee, as I am 
nott kuowii to the world by any thing so much as 
by being, 

My most noble lord. 
Your Lo^'' most humble 

and most obliged servant 

TllO. HOBBBS. 



K. vifi 



Tlte treatise ends with the following passage: — 

To conclude, I shall doe like those that l)uild a 
new house where an old one stood before, that is 
to say, carry away the rubbish. 

And first, away goes the old opinion that the 
shewea (which they call visible species) of all ol>- 
jects, are in all places, and all the babble ile extra- 
ittiUcmh et itUromitfendo. For their species are 
nothing else but fancie, made by the light' pro- 
ceeding directly or by repurcussiou or refraction 
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made from the object to y* eye, aud so moving the 
braine and other parts within- 

Secondly, the opinion which VitelHo takes for 
an axiome aud foundation of his Catopfricquet, 
that y* place of y* image by reflexion is in the 
perpendicnlnr drawn from the object to the glasse. 
For it is false both in pLaine glasses aud in sphse- 
ricall, whether convexe or conciive. 

Thirdly, the opinion that light is engendred 
faster in hard bodies, as glasse, than in thin and 
fluid, as aire. 

Fourthly, that objects are seen by peuicilli that 
have their common base iu the pupilU: for y' 
center of y* eye is in their common base. 

FiftUy, the opinion that there bee other visuall 
lines by which wee see distinctly besides y* optiquc 
axis. 

Sixthly, the opinion that perspective glasses and 
amplifying glasses are best made of hypcrbolicall 
figures. 

Seventhly, the opinion that light is a bodie, or 
any other such thing than such light as wee have 
in dreames. 

Eighthly, that y" object appeares greater aud 
lesse in y' same proportion that y* angles have 
uuder whicli they are seeue. 

Lastly, is to be cast away the conceipt of mil- 
lions of strings in y* optique nerve, by which the 
object playes upon the braine, and makes y' soule 
listen unto it, and other innumerable such trash. 

How doe I feare that y'' attentive reader will 
find that which ! have delivered concerning y 
Optiqiws fitt to bee cast outt as rubbish among the 
rest. If hee doe, liee will recede from y' autlioritie 
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of experience, which coiifirmeth all I have said. 
Butt if it bee found true doctrine, (though yett it 
wanteth polishing), I shall deserve the repntntion 
of having beeue y' 6rst to lay the grounds of two 
sciences ; this of Opiiqucs, y" most curious, and y* 
other of Natural Justice^ which I have done iu 
my booke dk civb, y* most profitable of all other. 
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VIII. 

TO THE KING'S MOST EXCELLENT MAJESTY 
TBE BUMBLB PETITION OF THOMAS HOBBES' 

SnEWRTH, that though your Majesty hath been 
pleoscd to take off tlic restraint of late years laid 
upon the peusions payable out of your privy purse, 
yet your Majesty's Officers refuse to pay the pen- 
sion of your petitioner vrithout your Majesty's 
express commantl. 

And humbly beseaceth your Majesty, {consider- 
ing his extreme age, perpetual infirmity, frequent 
and long sickness, and the aptness of his enemies 
to take auy occasion to report that your peti- 
tioner by some ill behaviour hath forfeited your 
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yo. TiiL wonted &Toar), that yoa would be pleased to 
renew yonr order for die payment of it in ench 
manner as to bis gre^ comfort lie hath for many 
years enjoyed it.' 

And daily prayeth to God Almighty to bless 
your Majesty with long life, constant health, and 
happinesse. 



* Detnde lednx mihi Rex oonoenit habeie qnotanniB 
Centom aliaa libru ipduB ex tocolu : 
Duke mihi doniun. Vita Cmrm, npret. p. xcriii. 
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